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r. Navic arrow, Commerce and an 


Intercourſe with Countries which are far 


diſtant from each other and ſeparated by 


Oceans and Seas of great Extent, have 


been univerſally allowed to be ſo bene- 
| ficial to Nations in general and to Indi- 
viduals in particular; that for ſeveral 


Ages paſt to the preſent time, nautical 


4 | Improvements have been admitted as 
bl 1 being of the greateſt Services to Mari- 
time Kingdoms in general, and to the 
1 ; Britiſh Nation in particular. 


2. The Machines whereby the Art 


7 of Navigation 18 performed are Ships, 
3 | theſe may. be conſidered as the moſt 
BG ſurpriſing and uſeful Inſtruments that in 
5 have been invented, for they are driven 


3. Hence, Navigation depends on 


12 a Varicty of Parts; firſt, on Naval Ar- 
chitecture or the Art of Ship-building, 
9 this gives the Form and Conſtruction of Rewards; Philoſophers have examined 
the Ship with all its Parts, fo that it 
* may bear the Force of the Winds and 
Agitation of the Waters; ſecondly, the 
ordering and diſpoſing of the Rigging, 
Tackle and other. things in a praper 
7 manner,, this is the Mariner's Art, and 
7 belongs to the working Seaman; thirdly, 


N 


ſhewn. 
tical Navigation, it is that which So- 
vereigns and Princes have thought de- 
| ſerving their Munificence; Great Socie- f 
ties and Communities have encouraged i 
5 Improvements i in it, with Liberality and 


* 


A . 


the guiding of Ships from one Place to 


another near the Coaſt, this is called 
Coaſting, and requires great Care for 


avoiding Rocks, Shoals and other Dan- 
gers, but 1s otherwiſe aſſiſted. by Ap- 


nns of the Land and Marks near 


che Coaſt. 


4. When a Voyage i is making upon 5 
the Oceans and Seas of very great Ex- 


tent, the Errors ariſing from Inability 


to ſteer the Ship the intended Courſes, 


the Errors in the Diſtances meaſured, 
the Effects of Currents, and other Er. 
rors, will be ſuch on the whole, as to 
n the Navigator in his Reckon- 
ng; and ſubject the. Ship to Uncer- 
4 ai and ſometimes great Dangers. 

=_ by the Winds on the deep Waters of 
the Oceans and Seas, to the greateſt 
Diſtances that can be meaſured round 
the Earth's Globe; their Navigators and 
Mariners conduct them by their Art, and to and Diſtance from other Places are 
readily diſcover the Places where they are 
at Sea, with the Courſes and Diſtances to 
other Places or any deſigned Port. 


5. At ſuch perilous Times, and Places 


however far from Land, if the Ship' "of 
Latitude and Longitude can. be taken, 
its Place on a Chart, with the Courſe 


This is the Perfection of Prac- 


every Part of Nature to find ſuitable 
Aſſiſtance for perfecting it from the 


Laws of Matter and Motion; Mathe- 
maticians have uſed all their Methods | 


of reaſoning and applied them with ſuch _ 


Data as are applicable for. this purpoſe ; 4 


Aſtronomers have been employed in 


.. 2 obſerving 


R PRE EAC RE. 

obſerving the Motions of the Celeſtial 
Bodies, with Deſigns to make them ſub- 
ſervient to this end; Mechanics have 
exerted their greateſt Abilities, in con- 
ſtructing Timekeepers under various 


Forms and Names, to be aſſiſting in 
this Subject; and after all theſe, there 

are but five Methods whereby the Lon- 
gitude at Sea may be taken, and but 


four of them generally prafticable, 
6. The firſt Method of finding the 


1 Longitude at Sea, depends wholly on 


Mathematical Science and ſuch Obſer- 


vations as are made in the Ship, con- 
cerning the Courſes, Diſtances and other 
When and 
where Errors ariſe in this Method, 
Atſtronomy gives it a great Correction, 
by the Application of an obſerved Lati- 


things during the Voyage. 


| tude; and when or where the uſual Me- 


thod of keeping a Reckoning at Sea will 
be attended with Errors, ſuch may be 
corrected, and frequently the Longitude | 


| had with Eaſe much more accurately 


to be made and computed ; therefore, 
the principal part of this Method, de- 


ina Variety of new Methods. 


exact for the Longitude in all long Voy- 
ages; the Conſtruction of the Sextant 1 : 


Mr Longitude at Sea, depends partly on the 
tſherefrom, by the Method of Magnetic 
SBlailing, which is explained in this Work. 
7. The ſecond Method of finding 
the Longitude at Sea, depends partly 
on the Perfection of a Watch or Time- 
| keeper, for keeping or meaſuring Equal 
Time, and partly on the Ability of the 
Navigator in making aſtronomical Ob- 
ſervations, and comparing their Reſults 
with the Time ſhewn by the Watch. 
The aftronomical Obſervations are eaſily | 


nomical Obſervations ; on the former in 


for the Quantity and Quality of Mag- 3 1 


pends on the Timekeeper. Its Uſes 
are here ſhewn in taking the Latitude ;, 


8. The third Method of finding the 7 p 
Longitude at Sea, depends partly on p 
the Accuracy of the Sextant or Octant, x ; 
and partly on the Ability of the Navi- 7, 
gators who make the Obſervations and ne 
Calculations. In this Method, the 
Aſtronomy of the Sun, Moon, and "fir 
Fixed Stars, is now in a ſtate ſufficiently | 2. 


and of the Auxiliary Tables, are ſuffi- 2 
ciently exact for the Application of this 
Method, in long and important Voyriges, i 4 


and the Obſervations to be made, with £ A 
the Calculations, are attended with no 1 » 
Difficulties but what can be eaſily over- 1 
come by the Perſons who obſerve or A 
aſſiſt. This Method is amply treated 5h 
of i in the following Work. 4 


7 The fourth Method of finding the re 


Laws of Nature, and partly on aſtro- $i 


netiſm, on the latter for making it Wy Me 
plicable in Navigation. ate 
10. The fifth Method 1s that A Jul an 

piter s Satellites; this Method cannot pre 
be generally applied at Sea, by reaſon 3 
of the Ship's Motion and other Impe- j 2 


diments hen are nis 8 — 


many 1 and (a r may be fappoſed), 


in an imperfect manner, till about Two * 


hundred 
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P. RE F A CE. 
nundred Years ſince, then it received 
3 its great Improvement by the Invention 
3 of the true Sea Chart. 
3 Method was known many Ages ſince, 
but could not be practiſed with Succeſs 
4 till near One hundred Vears ſince, then 
3 a Voyage was made near the Equi- 
5 9 noctia, and Watches were found appli- 


| 5 ſince that they have been much im- 


> WT he Sextant for taking angular Di- 
"Ftances and the Lunar Tables for making 


he Wears. - The fourth Method was ſug- 


o. | Uiſcontinued for want of knowing the 


er r aws of the Magnetic Syſtem. a 
28 x 12. In order to make each of theſe : 


1 > attended with unſuitable Expence, 


In taking the Latitude according to 


O the Directions in this Treatiſe. T he 


red! 


(Ng; 


proved. The third Method was known 
to the Ancients, but could not be prac- 
dtiſed by them for want of proper aſtro - 
i omical Tables for the Predictions, and 
S | 12 Inſtruments for the Obſervations. 


1 redictions were i ufficiently exact for 
7 he Practiſe of this Method Fifty Years 
A ince, but the Problem itſelf (as i it is 
now practiſed) has not been thought the 
beſ for this purpoſe, more than Thirty > 


Methods as uſeful as poſſible, the Navi- 
ator ſhould be able to practiſe the firſt 

and third of them at leaſt, and have the 
Proper Inſtruments and Books for thoſe 
; , urpoſes but, 4 the ſcund Mahod. 


PREFACE. 


Vil 
Variation Method is attended with leſs 


Expence, and therefore there can be no 
The ſecond 


Objection againſt it on that Account. 
13. As Demonſtrations and the beſt 

Reaſons for things are moſt ſatisfactory 

to Perſons of an inquiſitive Mind, many 


may be deſirous of ſuch after ſeeing this 
Treatiſe, 
cable for the Longitude at Sea; and 


The Demonſtrations relative 


to Arithmetic, Geometry, Trigono- 
metry, Projection of the Sphere ; the 
Rationale or Reaſons for Operations in 
Plain Sailing, Mercator's Sailing, Mid- 
dle Latitude Sailing, and great Circle 
Sailing; the Methods of Traverſe Sail- 

ing, Oblique Sailing, Windward Sail- | 

ing, Current Sailing; the Methods of 
taking the Latitude by Meridian Alti- 
tudes, and correcting the Longitude, : 
may be ſeen largely explained from origi- 
nal Principles, in a Treatiſe by me on 
Practical Navigation. 
was printed, the forementioned Method 
of Magnetic Sailing has been added to 
he geſted One hundred Vears ſince, but the uſual Methods, and is eaſily to be ap- 
plied with but little Deviation from the | 
= mY 1 | 


Since that Book 


The Methods iel are uſed } in 
this . Treatiſe for approximating the true 


Latitude, are proved to hold good by a 
Variety of Inductions; had either the 


Inveſtigation or Demonſtration of any 


one of theſe Methods been delivered 
1 alone, it might have been received by 

he may apply a common Pocket Watch 
For keeping ſhort Intervals of Time, and 


many Perſons well inclined for Improve- 


ment as an unintelligible Jargon, never 
to be practiſed by them; but here, the 


2 are Pry — the Ex- 
amples 


ple Inſtructions 
Stars at all times and places, for diſtin- 
guiſhing the Primary Planets and apply- : 
nining them; the Places of the principal 
Fixed Stars have been already ſettled by 


vil 


PREFACE. 


amples prove their Truth, and Perſons of is written in a ſynthetic way, in order 


the ſloweſt Apprehenſion may receive 
much more Aſſiſtance (if they require it) 
by uſing the Formule (or Formulas) 
invented by me for thofe Purpoſes. 
15. Having the Latitude ready to be 
: applied on all Occaſions with Data that 
can be taken, the Longitude itſelf, the 
Variation of the Compaſs, and all other 
particulars ariſing in the apparent di- 


urnal Motion, come of Courſe from 


eaſy Tables, 


without any previous Knowledge of the 
Latitude; both the Latitude and Longi- 


ſons who can work the Logarithms in 


the uſual manner, altho' unacquainted 


with the Properties of the Sphere. 


16, This Work likewiſe contains am- 
r knowing the Fixed 
| theſe Works, the Reader will find the 


me for future Uſe, but the Places of the 


; Primary Planets and thoſe of the Moon, 
are to be taken from the proper Ephe- 
merides, which. are publiſhed periodi- 


cally for ſnewing their and Places! in he 

Heavens. 

1 he firſt Edition of this Work 

was written by me in a continued, and 
popular manner; this ſecond Edition 


tions contained in them, and their being 


alone amount to One hundred and fifty; 


and Operations never 
treated of by any other Perſon; this 

tends to the Diſcovery of Longitude at it from the nature of the Queſtion. 
all times and places, independent of fal- 
üble Mechaniſm. By the ſame Data, there have been Eight Treatiſes written | 
by me, beſides the preſent Edition of 
this Book and other Works; namely, 


tude may be eaſily computed, by Per- 
without Meridian Altitudes, Linear Ta- 


Nautic Tables, and e of Formulæ 
at Sea, treated in a manner very different 


from that in which they have been pur- 


height of Improvement, by eaſy Opera- ] 


Sea. 


PREFACE, 


to be more particular concerning the 
Meaning of the Definitions, Propoſi- 
tions, Theorems and Precepts, the Direc- 


more eaſily referred to. The Sections 


the numbered Articles in them amount 
to Eight hundred and thirty, beſides a 
great number of intermediate ones, and 
a plenty of Examples, which are general b 
ones and not limited to any particular . 
times or places, excepting ſuch as require 


18. Within Twelve Tears laſt pat, 


Aſtronomy, Navigation, Longitude- at 
Sea, Magnetic Variations, Latitude 


dien for Longitude, Logari ithms with 7 
for Latitude and Longitude at Sea. In 


Principles and Practice of the Longitude 


ſued by other Writers on theſe Subjects, 
and at the ſame time carried to a greater 


tions. In theſe things there was a neceſ- 
ſity for Diſſenſion from others; other- 

wiſe, it might have been unreaſonable to —.— 
expect Succeſs in their Application at Dire 


Twelve Copper-plate Prints ac- = 
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SECTION I. 


Definitions and Principles, ealative 40 the Diſcoury 
of the Longitude at Sea, 


. and all other Requiſites whereby Obſerva- 


J tions and Calculations are made, previous to the 
PDiſcovery of the Longitude at Sea; it is neceſ- 
= ſary to have a general and particular under- 


ſtanding of Arithmetic the Science of Numbers; 
Geometry that of Magnitudes; 
that of Triangles in all their kinds; Pneumatics 
and Hydroſtatics thoſe of the Air and Waters; 
Optics thoſe of Viſion and Light; 


Properties of the Celeſtial Bodies, their Diſtances 
and Motions in the Solar Syſtem; the Conſtruction 


or viſible World. 
3. From theſe Principles and che Conclufions 


drawn from them ; it follows, that the Earth on 
which we dwell would be nearly of a globular or 
ſpherical Form, if it could be perfectly at Reſt, 


but that by a Rotation round its Axis once in 
every Day (in a direction from Welt toward Eaſt) 
its Diameter in that direction becomes lengthened 


and the Axis at right-angles thereto ſhortened, 
and that the whole Earth itſelf thereby becomes | 
an oblate Spheroid flattened toward the Poles. 


3. On this Figure of the Earth (by reaſon of 
Inequality in thoſe Diameters) in going equal 


3 Diſtances toward the ſame North or South Pole of 
the Earth, there becomes Inequality in either a 
Direction toward or from the Earth's Centre; and 
# becauſe the Equality of Angles in either of "thoſe 

Piredions, regulates and expreſſes the angular 


FO 
" 1} 


N order to inveſtigate the Rules, Tables, ; 


Trigonometry 


the Properties 
of Matter, the Laws which it obſerves either 
when at Reſt or in Motion, its gravitating and 
| centrifugal Forces; the Order, Dimenſions and 


Axis in the 


— 


Diſtances whereby the of Latitude are 


expreſſed, the Degrees of Latitude on the Earth's 
Surface, do thereby become ſhorteſt where that 
rotatory Motion is ſwifteſt, and lengthened in 


going toward either of the Earth's Poles. Burt, 
4. Whatever the Difference is between a De- 


gree of Latitude at either of thoſe extremes, in 


other words, either at the Poles or at the Equi- 
noctial; near the Middle of the Quadrant, be- 

tween the Equinoctial and either of the Poles, the 
length of a Degree of Latitude will be nearly a 


Medium between thoſe Extremes ; and therefore, 1 
; fuch a Degree of Latitude may be taken for a 

mean Degree of Diſtance, and its ſixtieth part a 
geographical or nautical Mile; and ſuch a Mea- 


ſure may not be improperly applied in expreſſing 


the Diſtances of the Planets from the Sun, and _ 
the Dimenſions of their Orbits in the Heavens. 


Such! 1s the Meaſure of a Mile 1 in this Work. 
and Application of ſuch Inſtruments, Tables and 


Principles as are applicable in making thoſe Diſ- 
coveries; and the moſt unerring mathematical 
and phyfical Properties whereby they may be all 
"Yapplied, as occaſion requires, in deducing Con- 
cluſions concerning the true ſtate of the neareſt, 
intermediate and remoteſt Parts of the Univerſe | 


. II. 


| 7 5 Duel Mane or Daily 3 4 the 


Earth, round its oο Axis, 


. As the Sun, Moon and Stars are b ved 60 | 
riſe, appear, ſet and diſappear at many places of 


the Earth, in the interval of either a little more 
or leſs than a natural Day; it is therefore con- 


cluded that, either thoſe Bodies muſt move round 
the Earth in that interval, or on the contrary that 
the Earth's. all itſelf muſt turn round its own 
ame time. 


ment of the latter with all the eſtabliſhed Laws of 
Nature ,and Phznomena of the Univerſe, have 
cafe it to be generally received. _ | 

This rotation gives exiſtence to the ürlt 
Definitions concerning Latitude and Longitude 
on the Earth's Surface; and the Diſcovery of 
theſe from actual Obſervations becomes eaſily 
applicable for determining the Situations and 
Diſtances of Places, both on Land and at Sea. 


When ſuch Situations and Diſtances can be taken 


The Abſurdities that 
would follow on a ſuppoſition of the firſt of theſe, 
have cauſed it to be exploded, and the {tri& agree- | 


DIURNAL ROTATION. 


taken on Land, they are applicable for Tmprove- 
ments in Geography; and when they can be 
taken at Sea, the Place of the Ship may be thereby 
readily determined, and this tends to the Per- 
fection of Practical Navigation. 

In Figure 1. Let à repreſent the Centre of 
the Earth, and & its Polar Axis; bdce a great 
Circle paſſing through the Poles; dae another 
great Circle, every where equidiſtant from the 
Poles, and %% another great Circle paſſing 
through the Poles. 

Round the immoveable Axis bc, whilſt it 


to 


18 parall el to the Earth's Axis, let the Globe 


turn from Weſt toward Eaſt, with an equable 


Motion ſo as to make one Revolution in a Day, 
and it will repreſent the Earth's diurnal Rotation, 


whereby the Celeſtial Bodies appear as though 


7785 they did move round the Earth's Axis from Eaſt 


| to Weſt 1 in the ſame time. 
6, The Points & and c, dr the Poles of 


Earth. From the Equinoctial toward either of 

the Poles, the Latitude of a Place 1s reckoned, 

in Degrees and Minutes, both northward and 

ſouthward. 

. the Longitude either of * a Place on the 
Earth, or a Ship at Sea, from London; 
London, and either /, , K, g, or 7, che Place on 


Land, or Ship at Sea; then, the Diſtance. 4. g is 
the Meaſure of either the Angle 16½ or 16 5, 
or 13, or ei, in Degrees and Minutes, and 
it is the Longitude from London, Eaſt when a 
Perſon is Eaſt; and Weſt when a Perſon 1 18 Wen 


| of the Meridian of London. 
| . 
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Horizontal Parallax in particular. 


EE 1. The Zenith is that Point in the Heavens 


which is og demand over a E wherever 


25 * 18. 


The Nadir is that Point in the Heavens 
- high 1s perpendicularly anger a PRA, weve 


he 1s: 


7 3. | 
Circle whoſe Plane paſſeth through the Earth's 


Centre, and every part of it is Ninety Degrees 


diſtant from the Zenith. 
4. The Apparent or Viſible Horizon 5 18 nearly 
a great Circle, whoſe Plane paſſeth through a 


Place on the Earth's Surface, and its Circum- 


ference is nearer to the Zenith than the true Ho- 
rizon by a Semidiameter of the Earth. 


5. In either taking or expreſſing the Altitude | 
of any Celeſtial Body, it is the Elevation above 


let I be 


The True Horizon of a place is a great 


HORIZONTAL PARALLAXEs. 


the apparent Horizon when that Horizon is not 


encumbered with objects that take off the Regu- 
larity of the Earth's Figure; where ſuch happen 
on Land, the apparent Horizon is in the Tangent 
to the point that would be there drawn to the 
Earth's Surface. 

6. As the Earth's Figure is that of an Oblate 
Spheroid flattened toward the Poles, its Equi- 
noctial thereby becomes a Circle whoſe Circum- 


ference 1s ſomewhat greater than that of an ellip- q. 


tic Meridian; therefore, in going toward the 
Earth's Poles, the difference between the true and 
apparent Horizon in a north and ſouth direction, 
will not be the ſame as at the Equinoctial, and 
this difference will be more various although leſs 


in quantity under other horizontal Poſitions; but 


it belongs to the greateſt refinements in Science 
to aſſign what its exact quantity is, and in uſual | . 
_ caſes, that for the = rad 18. generally taken 15 
and applied. jy 
the Earth. Great Circles paſſing through the 


7 Conſequently, when a Celeſtial Body i is at be 
' Poles and the Equinottial are Meridians on the 


a diſtance from the Earth which is indefinitely 
great, the true and apparent Horizons will coin- 
cide, and therefore, in ſuch caſes, it makes no 
difference which of the two is either meant or 
. 1 

8. When a Celeſtial Body 3 18 0 near to the A2 
Earth, that the Earth's Semidiameter bears an 
ſenſible or perceptible Ratio to the Diſtance of the 
Body from the Earth, the true and apparent Ho- 
rizons will then differ from each other, by! a {en- le 


ſible or perceptible Angle. 


9. The Difference between the true and appa- 
rent Horizons is the Horizontal Parallax; and 
this is the Angle which the Semidiameter of tje 
Earth would appear to ſubtend to the Eye of an | 
Obſerver, could it be placed at the Centre of the | | 
_ Celeſtial Body; therefore, both of theſe ways 1 
will expreſs the Horizontal Parallax. Ws 

10. Conſequently, the Earth's Semidiameter | | 
being known, and it being alſo known that many | 
of the Celeſtial Bodies are too far diſtant to bear 
any ſenſible Proportion to the Semidiameter of the 
Earth, the Horizontal Parallaxes of ſuch are im- 
Hence, the Moon's Horizontal Pa- 
rallax, is greateſt, becauſe ſhe is the neareſt Pla- 1 
net to the Earth; but the Horizontal Parallax of T 4 
Saturn is a much ſmaller Angle, eſpecially when 


perceptible. 


at his greateſt Diſtance from the Earth; and the 
Horizontal Parallax of a F ied. Star is nothing. 


W. 


Q the Fart s Orbit, and f PO Metion of 


the Earth round the Sun. 


. As the Earth's daily Rotation dt its own i 
Aba ſolves the daily bees riſing and ſetting 


"ng 
Are 


9. 
beg 


EARTH 's ORBIT. 


of the Celeſtial Bodies, ſo the annual Motion of 
the Earth round the Sun, ſolves the various Poſi- 
tions of the Sun, either at Noon, or any other 
Time of the Day, from one Day to another 
throughout the Year ; and the like for the Stars. 

2. The Interval in which the Earth thus per- 
forms one whole Revolution round the Sun is a 
Vear; and whilſt it is thus moving, it is kept in 
its Orbit by two Forces or Powers, the firſt of 
> which is centrifugal, whereby it is continually 
endeavouring to fly off from its Orbit, in the di- 
rection of a Tangent to it; the ſecond is a gravi- 


near the un. 1 3 

3. At ſirſt ſight, it ſeems as though things would 
be more ſimple if the Earth and other Planets 
moved in Circles; but, it is well known that ſuch 
Mlotions of Bodies round a Centre, in free Space, 
cannot ariſe from a Compoſition of the centrifugal 


o Centre, than the mean Diſtances. 


Yr 4. In Figure 2. Let à be the Centre of the | 
Circle &dce, 6 the Earth, a+ the Sun's Diſtance 


from the Earth 83970000 Miles; make as the 
yy _ Eccentricity 141080 Miles; let s be the Focus of 
he an Ellipſis whoſe Tranſverſe Diameter is bc ; Con- 
o- _ Jugate Diameter fg ; and whoſe elliptic Cucum- 
. 88 
55. Let s repreſent the common Centre of Gra- 
a- vity of the whole Solar Syſtem, and near the Sun, 
nd whoſe large Body is continually gyrating round 
he | that Centre by the Laws of the Solar Syſtem ; the 
an two Centres being always within the diſtance of 
he the Sun's Semidiameter from each other. | 


or l, moving onward in its Orbit, ſo as to perform 
 . Bn | . | | 3 | 
ter one whole Revolution round the Sun in a Year. 
ny Then, in this annual Orbit, 5 
ear |” 


m- point or fartheſt receſſion of the Earth from the 


pa- Sun, will be at c. When the Earth is either at 
la- Hor g, they are places of Mean Diſtance from the 


Ts © ww NL 
hen 8. Whilſt the Earth is moving from its Aphe- 


but, in moving from its Perihelion toward its 
Aphelion more ſlow, and in ſuch manner, that 
the Areas between the Arches deſcribed and the 
KRadii drawn to the Sun, are very nearly propor- 


7 of tional to the Intervals of Time in which thoſe 


Arches are deſcribed. = 


own 9. This irregular Motion is the natural con- 
ting ſequence of the gravitating and ceatrifugal Forces 


ot 3 


F tating Force, whereby it is continually tending 
toward that common Centre of Gravity which is 


5 and gravitating Forces; and that contrarily, 
y eelliptic Orbits become formed, having oppoſite 
- _ Points, one nearer to, the other farther from the 


6. Let the Eaxth be either at, b, f-i.c 4 


the lion toward its Perihelion, it moves more {ſwift ; 


MOON's ORBIT. 3 
acting contrary to each other, under oblique Di- 
rections; hence, theſe are the means of pre- 
ſerving the Earth in its annual Orbit; for, did 
the gravitating Force act alone, it would carry 
the Earth to the Sun; and, did the centrifugal 
Force act alone, it would carry the Earth to re- 


mote Regions, which, to the Inhabitants of this 
World are entirely unknown. | 


V. 

Of the Moon's Orbit, and the monthly Motion of the 

Moon round the Earth, . 

1. As the Earth is carried round the Sun in the 
interval of a Vear, ſo is the Moon carried round 
the Earth in the interval of a Lunar Month, in 
an Orbit which has a tendency to be nearly ellip- 
tical, and which is formed by the ſame Cauſes and 
the ſame Laws; but with theſe differences, the 
place where the Moon becomes neareſt to the Earth 


is the Perigee; the place where the Moon be- 


comes fartheſt from the Earth is the Apogee. 
2. In Figure 3. Let þ be the Earth's Perihe- 


lion, à the Aphelion, and 2 a point in the Earth's | 
| mg where the Earth is, in moving round the 
3. At h with an Eccentricity of 17000 Miles, 
and a mean Diſtance of 241000 Miles, draw the 

_ elliptic Orbit IA, repreſenting the Moon's 


Orbit deſcribed round the Earth in a Month. 


4. Let : be the place of the Moon's neareſt _ 
approach to the Earth in that Orbit, and it is the 
Perigee; & the fartheſt receſſion, and it is its Apo- 
gee; becauſe s is the Centre of the Earth's Orbit, 
the Earth is called a Primary Planet; becauſe 
is the Centre of the Moon's Orbit, the Moon is 
called a Secondary . 


5. Let the Moon be either at J, , or any other 


place in her Orbit; then, by the Law of Gravity 
the will tend toward the Sun in the Direction /s, 
en, vd0Dr 25, but toward the Earth, with a greater Force, 
7. The Perihelion point or neareſt approach of 

the | the Earth to the Sun, will be at 3. The Aphelion 


on account of the nearer diſtance in the direction 
[h or nb. The quantities expreſſing theſe two 


Forces reſpectively, together with ſome others of 
leſſer conſequence, muſt be found for all parts of 
both the Earth and Moon's Orbits, before the 


Moon's place in her Orbit can be accurately pre- 


te. It is farther to be noted that, whilſt the 


Moon is making the periodic Revolution, the _ 


Earth itſelf is removed by its Motion near a De- 
gree forward in its Orbit, and that on account of 


the Earth's ſwift Motion compared with that of the 


Moon, inſtead of an elliptical Lunar Orbit, that 


Orbit becomes wholly concave toward the Sun; 


and the Moon's place therein becomes regulated. 
by nearly the ſame Principles. - 25 


Arch which the north Pole of the Earth is elevated 
8 | Orbit, whilſt the 
Earth is moving round the uin. 


EQUATION OF TIME. 


VL 


Of T ime and the Equation of Time, as derived from 
the annual Motion of the Earth, and the Pofitions 


of the Celeſtial Bodies. | 
I. It having been long ſince, and to the preſent 
Age found that, mechanical Methods carefully 
executed, are inſufficient for meaſuring accurately 
ſmall and large Portions of Time; the performance 
of this moſt difficult 'Taſk has therefore been thought 
poſſible, by no other Method but by aſtronomical 
Obſervations, and ſuch predictions as may be de- 
rived from them, relative to the apparent Places 
of the Sun and other Phznomena in the Heavens. 
2. When Time is derived from the apparent 
Places of the Sun, it 1s therefore called Solar 


Time; when from the apparent Places of the 


Fixed Stars, it is called Siderial Time. When 
Portions of Time are made up of equal Portions 


Of Duration, the Time is ſaid to be Equal Time; 


but when ſach Portions of Duration are unequal, 


the Time made up by them is ſaid to be unequal. 


3. The manner of determining the quantities 


of Time by the Motion of the Earth round the 
Sun is thus. In Figure 4. Let & repreſent the 
CTentre of the Sun; à the Centre of the Earth; 
4 its north Pole; c its ſouth Pole, 4/Fhcgez a \) 
Meridian on the Earth, and az an Arch of the 


) os 
be 66 degrees and 32 minutes, the 


above the Plane of the Earth's 


5. Near the Beginning of the Year, wherever 
a perſon is ſituated on the Earth, let the Diameter 


of the Sun be carefully meaſured, making correct 


allowance for Refraction; alſo, near the Middle 
of the Year, let that Diameter be meaſured, and 
the former will be 64 ſeconds of a Degree more 
_ LE ro 
6, Conſequently, the annual Orbit deſcribed 


: by the Earth is not circular, and the Earth is in 
Perihelion in our Winter, but in Aphelion in our 
Summer; and by the Laws of Nature the Motion 


is ſwifteſt in Perihelion; therefore the Winter 
„ Fiat Vear 1s ſhorter with us than the Summer 


Half Year, firſt becauſe of the Sun's Eccentricity, 


and ſecondly on account of Inequality in the Mo- 
But farther, it is found that the Earth's 


tion. 
Axis from Pole to Pole, keeps very nearly one and 


the ſame Parallel Poſition, according to the 5. 


ſervations of Aſtronomers. 


7. From theſe principles, by reaſon of the 


| Earth's equable Rotation round its own Axis, the 
conſtant Paralleliſm of that Axis, and the vaſt di- 


fiance of the Fixed Stars from the Solar Syſtem, 


EQUATION OP TIME. 


the Siderial Days are equal in length, and there 
is the ſame length of Duration from the inſtant a 


Fixed Star appears on the Meridian, to its Re- 
turn to it, at all places and at all times of the 
Year, 7 

8. The Solar Day at a place, ſuppoſe for in- 
ſtance at London, begins when the Centre of the 


Sun is apparently on the Meridian of London, 


and ends when that Centre returns apparently to 


the ſame Meridian. The like for the Meridians 
of other places. 


9. Conſequently, the Solar Day is unequal on 
two accounts; firſt by reaſon of Inequality in the 
Earth's Motion through its Orbit, and ſecondly, 


through a continued change of Poſition, between 
the Earth's Axis and that part of the Orbit where 


the Earth is. 1 | 
10 Therefore, the ſame Fixed Star appears to 


come to the Meridian of a place, ſome times a 
little more and at other times a little leſs than 


os. 7 


* CI — 9 . OE * 
. = a IG i RPE oa ng RES 8 3 
2 2 * * <6 wi * 1 . . * R . wet he 7 7 . _ 


n ot n 
8 er * "Eo a 


05 x Ie R 
OS ERR SL IRE» 


PN, 


7 * 8 
o 


3m. 57 ſ. of Time every Day, ſooner than the Sun. 


11. The Solar Day is continually varying its 
length at all times of the Year ; and has its Noon 


ſometimes a little ſooner, at other times a little . 


later than the preceding Day. 


12. A Mean Solar Day, is that of unequal _ 
length from the Beginning to the End of the Solar 


r 


tion of Time. 


13. The Difference between the Solar Day and _ 
the Mean Solar Day, is the Equation of Time. 
This is commonly expreſſed in a Table for every 

Day in the Year, and called a Table of the Equa- _ 


14. A well-regulated Pendulum Clock, care- 4 
fully compared with Meridian Tranſits of thge 


Fixed Stars, will ſhew nearly the Change or Va- 
_ riation from Siderial to Solar or Mean Solar 
Time, from one Day to another, and ſo through-_ 


out ne .. 8 


15. Should there happen to be any hidden 
Cauſe whereby the equable Rotation of the Eartn 
is diſturbed, or the conſtant Paralleliſm of its 


— 


Axis varied, or any unequal Meaſurement of Time 


by the Clock; the Accuracy would be loſt. 


16. It is moſt certain to derive the Differences 


or Variations from either Siderial or Mean Solar 
Time, which form an Equation Table; from the 
Laws of the Solar Syſtem, and from proper Ob- 


ſervations. J ⁵8 

17. In this Method; ſhould there be any Error 
in taking the Meridian Tranſit by the Clock; or 
any Inequality in the Diurnal Rotation of the 


Earth; or any unuſual Motion of the Earth in its 
Orbit; or any Change in the Poſition of the 


Earth's Axis; in either of theſe Caſes, it may be 
attended with the greateſt Difficulties to ſeek the 
exact quantity of the Equation of Time. 
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EQUATION OF TIME. 


18. When proper Aftronomical Obſervations 
have been made, either on Land or at Sea, Solar 
Time is that which is there immediately deduced 
F from obſerved Altitudes of the Sun; on Land it is 


I the Sun, and 1t 1s the Time which Aſtronomers 

in all countries make uſe of in predicting Phæ- 
nomena. 

1 19. When the Plane of the Meridian of any 
1 


= paſſeth through the Centre of the Sun, the Solar 
Day begins and the former Day ends, in the near- 
= eſt Semicircle of that Meridian; and therefore the 
_ ſame quantity of the Equation of Time, is appli- 
cable for all parts of that Semicircle, from the 
x 1 Line to the Poles. But, 


20. Becauſe there is near Half a Minute af | 


Time Difference in the Equation from one Day to 
3 another about the 20th of December, when an 
Y ovation Table 15 made for one Meridian and a 

Ship or Perſon is at another, there muſt be a pro- 


[== Allowance when ſuch or leſſer Differences 


appen, in applying the Equation to a diſtant 


Meridian, or there will be an Error proportional 


to that Diſtance and the PORE ä of the 
Equation. 


x mu 
= f | o the Solfice and gene, 


1. os ibis ²³ A 


Equinoctial, the Summer Solſtice is when the Sun 
appears to have made his neareſt approach to the 
4 1 North Pole, or rather to the north Part of the 
Farth's Axis produced to the Heavens. 
1 2. The Winter Solſtice is when the contrary 
> circumſtances happen, Half a Year after, 


3. To Inhabitants in North Latitude, the Sum- 


F 
mer Solſtice is when the Earth comes to ſuch a 
| I place in its Orbit, that a produced Plane perpen- 


dicular to the Plane of the Orbit, paſſeth through 

_ = the Poles of the Earth. This happens near the 
⁊oth of June. 1 
4. At the Winter Sellice, that Plane ad the 


| 5 
| * Poles coincide in an oppoſite or contrary Poſition 
December. 


and ſhorteſt Days reſpectively. | 
6. Therefore, the Summer and Winter Solſtice 


Sun's greateſt apparent approach to the North, 


South Pole. 

7. When the Earth comes to a place i in her 
Orbit where the Plane of the Earth's Equinoctial 
produced EE rough the Centre of the — 


YZ readily had from obſerved Meridian Tranſits of 


palace either on Land or at Sea, being produced, 


to the former ; this happens near the 2oth of | 


The times of the Solltices . the longeſt 


are in one circular Meridian, or rather in two 
oppoſite Semicircular Ones, in one of which is the 


ECLIPTIC AND ZODIAC. 5 


the Earth's Poles are equally illuminated by the 
Sun, and the great Circle pailing through the 
Sun and the Earth's Axis produced, is the Equi- 
noctial Colure. 

8. When the Sun is apparently in the Equi- 
noctial Colure near the 2oth of March, it is {aid 
to be the Time of the Vernal Equinox; when the 
like near the 22d of September, the time of the 
Autumnal Equinox, to Inhabitants in North Lati- 
tude. The — for South Latitude. 


SOL: 
| | Of the Ecliptic and Zodiac. | 
1. Through the Points where the Sun apparently 5 


is reſpectively at the Winter Solſtice, at the Peri- 
helion, at the Vernal Equinox, at the Summer 


Solſtice, at the Aphelion, and at the Autumnal 
Equinox, with proper Tranſverſe Diameter, Con- 
jugate Diameter and Eccentricity, draw the El- 


lipfis and it is nearly the Earth's Orbit deſcribed 
in a Vear. 


See Figure 3. 


Transfer this Orbit to the Celeſtial Sphere 


of "he Heavens, and it will naturally follow from 5 


the Inequality of Central Forces, that the Earth 
moves faſteſt near the Perihelion, ſloweſt near the 


Aphelion, and that therefore no equal Diviſions 
in an Orbit apparently circular, can adequately 


repreſent the true Subdiviſions of this Orbit. 1 
Hence it appears, that, Inſtruments and 5 
Models, however expenſively finiſhed, upon Cir- 
cular Diviſions and Subdiviſions ; can but i imper- 
fectly repreſent the Inequalities which ariſe from 


the Laws of the Solar Syſtem, and which will be | 
found, even ys. + theſe parts of the Celeſtial 8 
: Motions. | 


The Zodiac is a Zone or Belt 1 near 17 
Degrees in Breadth, extending round the Hea- 


vens, Half this Breadth being on the North and ; 
the other Half c on the e of the e Line. 


. 07 the C ele Plat Meridians and Equator. 


1. Produce the Earth's Axis both ways —_ 
; indefinite diſtance in the Heavens, „ and their Ends 


are 0 Poles of the Equator. | 
Suppoſe an indefinite number of Great 


2 Circles drawn fo as to paſs through the Poles of 


the Equator, and they are the Celeſtial Meridians. 
3. The Equator is a Great Circle whole Plane 


is at Right Angles to the Earth's Axis, and its 
Parts are equally diſtant from its Celeſtial Poles. 
and oppoſite to it the greateſt approach to the - 


The Meridians and the Equator are each of 
them ſuppoſedly divided and ſabdivided into equal 


Degrees, Minutes and Seconds; theſe Diviſions | 


ariſe from the ſuppoſed perfect Equability of the 
Earth's Rotation. 


C T: The 


Right Aſcenſion. 


| are thus: 5 


6 MERIDIANS AND EQUATOR. 


The Angle which the Plane of the Equa- 
tor makes with the Plane of the Ecliptic 1s at 
preſent 23® 28' nearly, but the Angle made by 


the Equator and Meridians is always a Right- 
Angle. Conſequently, a Right-angled Spherical 
Triangle is formed by a part of the Ecliptic, a 


part of a Meridian, and a part of the Equator; 
the firſt of theſe expreſſing the Sun's Longitude, 
the fecond his Declination, and the in his 


X. 
Of the Ecliptic and Equator, 


The Circumference of the Ecliptic Line : 
as 360 Degrees, theſe Degrees are unequal 
as ariſing from an unequal Motion of the Earth 
round the Sun, but equal when corrected and 

arranged in Tables, fo as to compare with the 
5 ra of the Celeſtial Sphere. Then, 
The Ecliptic contains the Twelve Signs; 
1 Taurus, Gemini, Cancer, Leo, Virgo, 
which are northern Signs; Libra, Scorpio, Sagi- 
tarius, Capricornus, Aquarius, Piſces, 1 are 
ſouthern Signs. 5 
3. The Ecliptic and Equator both begin at the 5 
5 Equinoctial Point Aries; its firſt Quarter ends at 
the ſolſticial Point Cancer; its middle is at the 

equinoctial point Libra, and its third quarter ends 
at the ſolſticial point Capricorn, and each of theſe 
Signs contains Thirty Degrees. The Equator 1 15 

| N . round to * Degrees. . 


xt. 
The Dimenfo ons of rhe 8 olar S YO 


3. The Primary Planets reſpect the Centre ot 


the Sun nearly, their Orbits round him are nearly 
elliptical ; their Mean Diſtances from the Sun, 
Periodic Times, Aſcending Nodes, Aphelions, 


and Inclinations to the Plane of che Earth's Orbit, 


Orbit of Mercury. 


Mean Diſtance 32504700 Miles. 
Periodic Time 387d. 23h. 15m. 


Aſc. Node 1s. 15d. 47m 
Aphelion s. 14d. 14m. 
Inclination dd. 50m. 


5 are not perfectly at Reſt, but affected with an 9 
alteration of a few Seconds per Year. = 


: the Earth for her Centre, but is nevertheleſs foli- 7 
cited toward the Sun. The Mean Inclination of 
= Orbit to the Plane of the Earth's Orbit is 
5 $d-9 gm. her Mean Diſtance from the Earth 232440 | 

aut 


ſame Face toward the Earth; and apparently 
moves round the Earth ſo as to come * with the 
Sun, in 29d. 12h. 44m. 


near her Limbs alternatively appear an 
to @bſervers on the Earth. 


PLANETARY ORBITS, 


Orbit of Venus. f = 
Mean Diftance 60738200 Miles. FW hic 
Periodic Time 224d. 16h. 41m. 5 
Ae. Node 28. 14d. 42m. 5 
Aphelion 10s. 7d. 51m. Y 
Inclination 24d. 23m, 0 

Orbit of Mars. | { 
Mean Diſtance 127938600 Miles. N- 
Periodic Time 686d. 22h. 18m. = 
Aſc. Node 15. 18d. 19m. 
 Aphelion _ pn Bs | 
Inclination 1d. 51m. 


Orbit of Jupiter. 


Mean Diſtance 436726500 Miles. 
Periodic Time 43304. Sh. 35m. 


Aphelion _ | 65. 1 id, 7M. 1 
. 1 125 1d. 19m. 


Orbit of Sa aturn. 


5 1 D 80 to looo Miles. 
Periodic Time 107 zod. 13h, 15m. | 


© Al» Noge: = - 38; 21d; avon. 
 Aphelion Tu " od. 2 m. Fo 
= ——  * zom. | 


4. In theſe Obits, the Nodes and Aphelions = 


5. In theſe Orbits, the greateſt Horizontal =o 


| Parallax is that of Venus in Perigee, which is | pe 
31 Seconds; Mars in Perigee gives but 16 Seconds , 
ts the others are either ſmaller or nothing. 1 
The Solar Syſtem, is generally underſtood : 
5 ng cnt of the Sun, Mercury, Venus, the Earth, 
Mars, Jupiter, Saturn, the Moon, the four Satel- 
likes of Jupiter and the five Satellites of Saturn, 
with Saturn's Ring. See Figure Solar Syſtem. 
| 2. The Common Centre of Gravity in this 
_ Syſtem, is within the Sun's Surface, and the Sun's | 
Centre gyrates round that Centre of Gravity, 
wilſt the Centre of Gravity is either at Reſt or is 
moving toward other Syſtems. _ 


6. The Moon as a Secondary Planet reſpects if 


ical Miles. She always preſents. nearly the 


7. By preſenting the ſame Face, the ant 3 
rod her own Axis, in the Time of one Revolu- 
tion round the Earth; and librates both from Eaſt 
to Weſt and from Weſt to Eaſt, from North to 
South and from South to North, whereb by the Spots 

— # 
9 


fl 

8. The four Satellites of Tupitee move round . 0 

N ! in theſe Periodic Times; tage 2 
. Firſt in 1d. 18h. 28m.  - i 


Second in 3d. 13h. 1m. = ſie 
Third in 7d. 4h. om. 5 
Fourth in 16d. 18h. 5m. 


4 1 
| Fl 15 
9 0 on | 2 ry , 
5. iT 
* 1 


PLANETARY. ORBITS.. 


9 The five Satellites of Saturn move round 
ry in theſe Periodic Times ; the 
5 Firſt in 1d, 21h. 18m. 
b Second in 2d. 17h. 41m. 
9 Third in 4d. 12h. 25m. 
Fourth in 15d. 22h. 41m. 
Fifth in 79d. 7h. 41m. 
10. The Diameters of the Sun and Planets. i in 
Nautical and Engliſh Miles, are 
FE Nautic Miles. Eng. Miles, 


Sun 775548. 896727. 

. Mercury | 2831. 3273. 
Venus 6683. TER © 

Earth 0876. 7950, 

Moon . 

= Mars 4611. 331. 
xpiter. 783 38. 95578. 
Saturn 9448. 80297. 


A | of the Sun from the Earth and Planets, are 
8 Sun, from Earth 32m. 6s. 
Mercury, from Sun om. 7s. 


Venus, from gh em. 1625. 
Earth, from Sun om. 178. 
Moon, from Sun J 
5 Mars, from Sun om. 1148. 
18 Jupiter, from Sun m. 143. 5 
* Saturn, from un 2m. 528. 
| _ Saturn's Ring 6m. 41s. 
18 


be ſeen from the Sun; their Geocentric Places 
bY as "Ry axe on from the Earth. 


131. The Poles of the Ecliptic are each 90 He. 
#0 gęrees diſtant from every part of the Ecliptic Line, 
he north and ſouth, in the Surface of the Celeſtial 
.F Sphere; theſe Are in the Circles of Latitude, and 
he | the Latitude is reckoned from the Ecliptic. 
|} 2- The firſt Circle of Latitude paſſeth through 
es the Beginning of the Ecliptic. Other Circles of 
u- ©} latitude are ſuppoſedly drawn from the neareſt 5. 
aſt Poles, through the Celeſtial Body to the Ecliptic, 
to and the Ecliptic Arch intercepted from its Begin- 
ots ning is the Longitude. 

* 3. Declination is the Diſtance on a Meridian, 
14 from the Equator ; 3 Right Aſcenfion is the Di- 


N ſtance from that point of the Equator, to the Be- 
Finning of the Ecliptic. 


ſion and Declination, but no Latitude. 


2 Aenfan ang Dechnatzon, and 0 have al the 


11. The FRO which the Diameters of the 
Sun and Planets ſubtend at their Mean Diſtances | 


1- | 4 * Latitude, Logins: 1 and. Righ 
of FF Alenſion, in the Heavens. 


vor more than 36 Chas Conſequently, the Poles 


RECESSION OF EQUINOXES. 


Fixed Stars, except what are in the Ecliptic Line, 
theſe have no Latitude. 


XII. 
The Cauſes of Receſi on at the E guinoctial Points. 


1. Let &, Figure 4, be the Centre of the Sun, 
a the Centre of the Earth, ae the Semi- equato- 
rial Diameter and ac the Semi-polar Axis; fo is 
ce a Quadrant of the Elliptic Meridian, in which 


aI 


let gc and ge be equal, then will e be ſhorter 
than c, and conſequently, by the Laws of Gra- 
vity, the Earth's Axis cd will thereby take ano- 


ther Poſition as 5p, and all the parts of the Earth 


_ therewith. 


2. An effect of the fois kind; ariſeth from the 


_ Moon's Motion round the Earth ; but greater on 
account of her being nearer to the Earth. 


3. By theſe cauſes and effects; when the Earth 


is at that place in its Orbit, where the Equinoctial 


Point would be, if the Earth was a perfect Sphere 8 


and had equable Paralleliſm, the ſmall Change of 


Paralleliſm, throws that Point 50 Seconds per 


: Year weſtward from ww EY: of the Signs, 45 


4 r 


- or the Revelation by the Edliptic Pola, and yearly | 


Preceſſion of the Fixed Stars in Longitude. 
1. By the Receſſion of the Equinoctial Points 


1 1 Eaſt toward Weſt, the Poles of the Ecliptic 
12. Their Fikocentric Places are as they would 


move the ſame Way parallel to the Ecliptic at 


the Rate of 50 con and a third, of Longitude 
; per if - Ro 
= Conſequently, every P 154 Star gains ſo 
| much i in Longitude yearly, or a Degree ot Longi- 


tude in 712 Years, waullt 1 its Latitude remains the 
ſame. 


3. All the F ixed Stars ol thereby bh cried - 


round the Poles of the Equator from Welt to Eaſt 


in 25750 Years, and in that Time, different Stars 


will become Pole Stars for the north and-ſouth __ 
| Equatorial Poles, if the World continues ſo long. 


4. By the ſame principle, different Stars have : 


been Pele Stars ſince the Creation. FVV 
Hence, the Images of the Conflettations Ds 
and the Stars in them, are removed a Sign forward 


from the zodiacal and other diviſions of the ſame : 


Names, — ane Time. 


XV. 


, of Changes in the Moor s Orbit; 4 'ber di ifer en 
4 Hence, the Sun has Longitude, Right r : 


All the 
* Planets may have Latitude, Longitude, Right 


1. The Inclination of Xl Moon” s Orbit to the 
Plane of the Ecliptic is never leſs than 5d. om, 


. 


© MOON'S ORBIT. 


of that Orbit deſeribe a Curve round the Poles -of 


the F.cliptic, whoſe greateſt Breadth is 17m. 
2. As the Equinoctial Points have a Receſſion 


contrary to the order of the Signs, fo have the 


Moon's Nodes a Receſſion the ſame way from ſimi- 


lar cauſes, but upon the whole much ſwifter, 
although ſometimes they are almoſt at reſt ; this 


carries them quite round the. Orbit in ſomewhat 
leſs than 19 Years, ſo that afterward the New and 


Full Moons return, nearly as before. 


3. The Moon's Mean Motion in her Orbit 1s 


13d. 10m. 35s, per Day, this carries her round 
her Orbit in 27d. h. 43m. She comes to the 
Sun in 29d. 12h. 44m. She revolves to her Aſcend- 
ing Node in 27d. gh. 5am. and to her Apogee in 
290. 13% Heh topos „„ 
4. The Periodic Times in which the Moon's 
Apogee and Node make one whole Revolution 
round the Lunar Orbit, and come up with the 
Sun or Stars, are ) 


Apogee to Sun 3231d. 8h. | 3m. 
Apogee to Star 323d. 11h. 144m. _ 
Node to Sun 6798d. 4h. 53m. 


| Node to Star 683d. zh. 554m. 


F. Hence, the Moon's Apogee revolves quite 
round her Orbit in 8y. 309 d. 8h. 20m. and her 
Node moves quite round her Orbit in 18 y. 


VCC 
Parallaxes ariſe from the Eccentricity of the Lunar 
Orbit and the Earth's Semidiameter. Hence the 


Greateſt Hor, Parallax 61m. 35s. 
_-. Leaſt Hor. Parallax 54m... 66. 
Greateſt Diameter 33m. 34s. 


_ Leaſt Diameter 29m. 29s. 
_ Greateſt Semidiam, 16m. 476. 
Leaſt Semidiam. 14m. 455. 


J. The Sine of the Mean Horizontal Parallax 
is to Radius, nearly as the Earth's Semidiameter 
is to the Moon's mean Diſtance from the Centre 

MS CUM... 


on Land or at Sea; and then it will be, As her 
greateſt Seinidiameter, to her greateſt Horizontal 
| Parallax ; ſo is her obſerved Semidiameter, to her 
preſent Horizontal Parallax. Each in Seconds. 


Of Jupiter's Satellites. 


1. Theſe Secondary Planets have four different 
Situations which are obſervable to Spectators on 
the Earth; firſt, by diſappearing in his Shadow; 
ſecondly, by diſappearing behind his Body; third- 
ly, by almoſt diſappearing in paſling between him 
and the Earth; fourthly, by paſſing apparently 
near to one another. N e 


obſerved, without the beſt Teleſcopes. © 
22. The irregular Poſitions in which they appear, 
- renders them difficult to. be obſerved and rightly | 
Rag, AC = 
3. In ſome Poſitions of Saturn, theſe Satellites 
have their Eclipſes, Occultations, and Tranſits 
not much unlike the Satellites of Jupiter, in others 


SATURN'S SATELLITES. | 
2. Of theſe; the firſt and fourth Circumſtances 


are the moſt inſtantaneous Phænomena, and the 


firſt Satellite immerges quickeſt into, and emerges | 
quickeſt from the Shadow. 


3. The Immerſions may be obſerved from the 
Oppoſition to near the Conjunction; Emerſions 
from the Conjunction to near the Oppoſition; there- 
fore, for the Immerſions jupiter ſhould be Eaſt, 


and for the Emerſions he fhould be Weſt of the Sun. 


4. Correſpondent obſervations of either of theſe ; 


particulars, may be applied as inſtantaneous Phæ- 


nomena; ſuch may be eafily made on Land by 


help of good Teleſcopes, but at Sea it cannot be 
practiſed under any conſiderable Motion of the Ship. 


„ 
1 O Saturn's Satellites. 


1. The vaſt Diſtance. of Saturn from the Sun, 
_ renders his Satellites at all times difficult to be | 


' from obſerving em. 


XII. 


. Of the Sun's Separation from the Fixed Stars, | in 
EReigbt Aſcenſion, as ſeen on Land and at Sca. 
I. The Fixed Stars keep near the ſame places for © 
ac conſiderable time, except the Correction which 
ariſes from the Receſſion of the Equinoctial Points. 


2. Mean Solar Time is that which for a Vear 


meaſures the ſame number of equal Days, Hours, 
Minutes and Seconds; as are in a Vear of unequal 
Solar Time, meaſured by the Sun, 
3. Becauſe the Earth moves ſwifteſt in Perihelion 
© and loweſtin Aphelion, the former alters its Right 
38. The Moon's Diameter may be taken, either 


very different; otherwiſe more Utility might ariſe ! | 


r 


Ne 


Aſcenſion 4m. 275. of Time per Day near the Win- 


ter Solſtice, and the latter alters its Right Aſcen- 
ſion 4m. 108. of Time per Day; the Medium is 
Am. 18s. per Day for the Mean Meridian Tran- 
ſits of the Fixed Stars ſooner than the foregoing Day. 


XIX. 


O 7 | the Sun Separation from the F zxed Stars in 


| Longitude, as ſeen n Land and at Sea. 
1. Becauſe the Sun apparently moves along the 


Earth is in Perihelion; therefore at that time the 


Fixed Stars ſeparate from the Sun in Longitude 
1d. 1m. 118. per Day, and in Aphelion od. 57m. 
Fr. per Day; ſo the Mean is od, 59m, 10s. per 
4 ay. | | . | 


Ecliptic Line, and apparently ſwifter when the 


2. As 


Solar S 
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PLANETARY SEPARATIONS. 


XX. 


? Of the Primary Planets Separation from the Sun in 
Right Aſcenſion and in 6 as ſeen on Land 


and at Sea. 


1. The Right Aſcenſions ariſe from che Incli- 
4 nations of their Orbits to the Plane of the Earth's 
Orbit, and from the Heliocentric Longitudes. 

2. Mercury, Venus, Mars, Jupiter and Saturn, 
do each of t em at different times, apparently 
move forward and backward in the Zodiac; con- 


ſequently, ſometimes they appear Stationary, and 
Mercury and Venus have their greateſt Elongations 


from the Sun, Eaſt and Weſt of him. 
3. Mercury continues Retrograde during 18 
Days, Venus 40 Days, Mars 3 — Jupiter 
4 Months, Saturn 44 Months, 


458 degrees. 
0 n are e nearly equal to that of the Sun. 


within the Zodiac; as ſeen on Land and at Sea. 


Y 1. The Moon's Separation from the Sun ut 


Fixed Stars, ariſes from the motion of the Earth 


the Parallax occaſioned by the Diſtance of the 


Moon and a Situation on the Earth, and the Situ- 


ation of the Sun or Fixed Stars in the Heavens. 


2. The Separation in Right Aſcenfion depends 


on the Moon's Latitude and Longitude, and the 
q Sun or Star's place in the Zodiac, 


3. The Moon's mean Daily Receſſion from the 


Sun in Longitude is 12d. 12m. The Sun's Daily 
"Receſſion from the Stars in Longitude i is od. 59m. 


Fate, the Moon's mean Daily Separation ; 


from the Stars, both in Longitude and Diſtance 
5 | when . are near the * 1s #150; 11m. 


= XXII. L 
12 þ 07 the Moon? s Phaſes, as ſen on Lond . at hw 


fore, 


| Earth the diſappears. 
Change or New Moon. 
| 3. When ſhe is in the oppoſite part of her Or- 
"big and not in her Node, ſhe appears wholly 
illuminated. This is the time of Full Moon. 
4. Between the Change, and Full, ſhe appears 
P alf illuminated. Theſe are her Quarters. 
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F Mercury's greateſt Elongation or zodiacal 
.. ix Diſtance from the Sun is 28 degrees, that of Venus 
At theſe times their Horizontal Pa- 


jn its Orbit, the motion of the Moon in her Orbit, 


1 1. That Half of the Moon which faceth the 
Sun js illuminated, the other Half is dark. There- 
2. When the Moon is between hs Sun and near the ſame Vertical Circle. 
This is che time of her 


MOON'S PHASES, oY 

5+ From the Change to the Full, ſhe is within 
180 Degrees Eaſt of the Sun, From the Full to 
3 Change, ſhe is within 180 Degrees Weſt of 
the Sun. 


6. A Line] joining the Cuſps or Corners is the 
Line of the Cuſps. A Line biſecting the Line of 


the Cuſps at right Angles, goes directly to the Sun. 


7. When the Moon is in her Node, this Line 
continued behind the Moon coincides with the 
Ecliptic. When the Moon hath North Latitude, 
it comes out North of the Zodiac. When the 
Moon hath South Latitude, 1 it come out South of 


the Zodiac. 


XXIII. 


07 the Poi ent aobich the Moon? C TIO have of 


different Times and Places; 3 Us feen on Land and 
at Sea, * 


When the Moon is near the Kcliptic, the 


| Poßtion of the Line of the Cuſps depends on the 
5 Poſition of the Ecliptic; 
if one is perpendicular to the Horizon, the err 5 
1 | Is parallel to it. | 
10 be Moon's Separat thr F , * 95 5 
f 7 the Moon's eparati ion from e Sun, and Stars the Rquator; one piling by the north an 


therefore at ſuch times, 


2. 'The Tropics are 2 Circles paralle to 
the other 


the ſouth Boundary of the Ecliptic. The Polar 
Circles are each of them Half the Diſtance of the e 


Tropics from each Pole. 


3. Like Circles being ſuppoſedly en « on the 5 
Earth and Seas, they become the Beunds of the 
Torrid, Temperate and Frigid Zones. 


4. One Half of the Ecliptic Line in the Hea- 
vens is above and the other Half below the Hori- 
zon always, excepting in the Polar Circles; but 


_ thoſe Halfs are continually changing both the De- 


grees and Signs to which they belong and their 
Poſitions to the Horizon. 


5. To Obſervers in the Torrid Zone the Ecliptic £ 


is perpendicular to the Horizon once eaſtward and 
once weſtward in the Space of every 24 Hours. 
At ſuch times the Zodiacal Luminaries are nearly 
perpendicular to each other, their Diſtances from 
each other in the Zodiac become nearly their 
Differences of Altitudes when on the ſame fide of 
the Zenith; but nearly the Sum of their Co-alti- 
tudes when on different ſides of the Zenith. 0 
6. The Moon being near the Ecliptic ; when 


the Cuſps are nearly horizontal, the Sun is then 
The like for Stars 
near the Ecliptic. 

7. The Planets being 1 near the Ecliptic, its 
Poſition is ſhewn nearly by any two of them 
when they are viſible; and when more of them 
are viſible, its Direction may often be oe of 
for large Diſtances in the Heavens. 


eee Sl EDT ECWBEIES. . -. 


10 ZODIACAL STARS. 


XXIV. 


Phenomena of the Zodiacal Stars and Primary Pla- 
nete; as ſeen on Land and at Sea. 


The Zodiac is a Space of a certain number 


of 33 in Breadth northward and ſouthward 
of the Ecliptic Line; and the Fixed Stars within 


this Breadth are called Zodiacal Stars. 
2. The Breadth of the Zodiac is formed chiefly 
from the Planets greateſt Latitudes and their Hori- 


zontal Parallaxes ; this makes the Breadth about 
14 Degrees from the greateſt Heliocentric Latitude 


ot Mercury, but if the Breadth of the Earth's 
Shadow in Lunar Eclipſes, and certain large Fixed 


Stars near the Bounds of the Zodiac be taken in, | 


its Breadth will be more. The Ancients gave it 


a Breadth of Twelve Degrees, the Moderns have 


extended it to 'I'wenty Degrees. 
3. Some Fixed Stars without the Zodiac are 


' uſed as the Zodiacal Stars, when the Moon's appa- 
rent Receſſion (from Weſt to Eaſt in 24 Hours) is 
: either directly toward or from them and the Sun. 


4. The Aa Zodiacal Stars within the 
Zodiac, are, 


1. Aldebaran, a red Star haves many ſmall 5 
Stars round it, and the Seven Stars to its northweſt. 
224. Pollux, about 45 Degrees eaſtward from 
Aldebaran, having Caſtor a Star of the ſame Mag- DP, 

nitude, northweſtwardly from it. 
34. Regulus, a red Star near the Ecliptic, about 
37 Degrees ſoutheaſtward from Pollux. This is 
the largeſt and ſouthermoſt of four Stars in a 
crooked line northẽward. 
4th. Spica, a very white . Star, all 
7 alone, near the Ecliptic, and about 54 Degrees 
ſoutheaſt from Regulus. 

5th, Antares, a large red Star, a little ſouth- 
ward of the Ecliptic, about 46 Degrees ſoutheaſt 
from Spica, having a line of {mall Sears s ſoutheaſt- 

ward like a Swan's Neck. 

tb. Alpha and Beta in Capricarn, are two ſmall - 

Stars nearly north and ſouth about 58 Degrees eaſt 
of Antares, Bela as much north of the * 
as Antares is ſouth. 


5. The Stars without the Zodiac uſed ; as s Zodi- 


acal Stars, are 


tb. Alpha in Pegaſus. 
8h, Alpha in Aries; this was Sn near the 


beginning of Longitude, but it is now forward a 
whole Sign, by the Reseſſion of the EquinoQual 


f Points. 


th, Aipba 3 in Aquila, a white ſparkling Star 


about 25 Degrees north from the two in Capricorn, 


having two {mall Stars, northweſt and outheaſt 
of it. 


1015. Fomalhaut, a large Star about 45 Degrees 


fouth from Alpha in Pegaſus, 


Earth the — appears diminiſhed. 


per Newton's Princ. Book z. 


Fixed Star at an indefinite Diſtance ; when the 
Centre of the Sun is carried to 4, the Earth by 
reſpecting the Sun's Centre will be carried after 1 
it as to e; draw fde parallel to cab, fo will 7 
and c appear to coincide : but if the Earth be at 


common Centre of Gravity in a Path and periodic 5 
Time, which is with the . dlkeulty (if ever) 


ZODIACAL STARS. 


6. The Mean Separation of the Moon from F a 
weſt to eaſt of theſe Stars, is N 


in a Day, 13d. iim. Os. 
an Hour, od. 32m. 588. 
a Minute, od. om. 33s. 


2 Minutes, od. 1m. 6s, 
4 Minutes, od. 2m. 125. 1 
Mercury, being near the Sun, is ſeldom ſeen. 

At his greateſt Elongation, he appears like a large 
white Fixed Star. H 
8. Venus, near her greateſt Elongation appears 
very large and refulgent, but near her ET LU! 
Conjunction leſs ſplendid, 13 
9. Mars, when fartheſt from the Earth, appears [3 
ſmall, but when neareſt to it large and red. = 
10. Jupiter, when neareſt to the Earth appears ..: 
large and refulgent, but when fartheit from the S 
Earth his ſplendor is leſſened. 3M 
11. Saturn, when neareſt the Earth, appears 4 
white like a large Fixed Star; fartheſt. from the | 


„ 


a of Dicepeious 6 in the Theory of eh 1 ike g a 
| from an * N f the Sun” 4 ira 


Fi igure. 
Rs When the OY accurate PP have TM 


2 been made of the Sun, Moon, Planets and Fixed _ V 


Stars, and their places in the Heavens have been 8 


predicted from the moſt accurate allowances that ri 
can be perceived to ariſe through the Laws of the | ol 
Solar Syſtem; it often happens that ſuch pre- 


ditions are not found correct, and it is difficult to 1 


aſſign the Cauſes whence the Errors have ariſen, © 


2. In the Solar Syſtem, its Centre is at Reſt; | 
the Sun's Centre is ſometimes but little leſs than ly 
a Semidiameter or 16 Minutes from that Centre, e. 
But the Primary v 
Planets move in Ellipſes which have their common 3 
Foci in the Centre of the Sun. Therefore, 1" 

3. In Figure 5. If abe the immoveable Centre fi 
of Gravity, & the Place of the Earth, and c a 


g, whether the Sun's Centre be at à or 4 it is the | 
ſame. Conſequently, the Sun and Fixed Stars 3 
will have che fime angular Diſtances whether the 
Sun's Centre be in or out of the common Centre 
of Gravity; and the Sun as a Planet accompanied 
with the Primary Planets, may move round the 


to be Known. 
4 By 5 


EFFECTS OF GRAVITATION. 


Vu contrary directions, it has been found to have 


” ance has been made for Refraction; this makes 
7 the Sun's ANN Diameter 934 Engliſh Miles 
| fog than his Polar Axis. 

4 5. By obſerving the Solar Spots, it appears that 
they are convex toward the Sun; near the Sun's 
Limb they move with ſuch an apparent Velocity 
as no way agrees with a Rotation of the Limb 
round the Sun's Axis; they apparent] y paſs by 
one another; theſe are from my own Ob 


i 7 2 5d. 5h. can be inferred from them. 

6. By ſuch an Oblate Sun, its Centre of Gra- 
vity will become changed under different Poſitions 
. to the Orbits of Mercury, Venus and the Earth. 


Equinoctial Points produceth more than a fourth 
not * to be determined. 


| Rs - - 


ng OY Refrain is Altitude ; 3 2 the Cauſes eds 
rue ” 5 comes di ifferent —_—_ Changer 5 in * At- 5 
9 . = 
Ve 1 1. When Particles of Light come 1 Fa "a - 
ed Moon, a Candle, Fire, or any other luminous 
en ® Subſtance emitting them, they either go on in 
hat ht lines, or are interrupted by rouge” againſt 
the | bran Subſtances, or are reflected, or refracted. 
re- 2. When the Subſtance againſt which they ſtrike 
to is ſuch that it ſtagnates or abſorbs them, they pro- 
7 | duce no Senſation of Viſion; but when they are 


ſt; y 

ian an Obſerver, they paſs to the Bottom of it, and 

re, excite in the Obſerver a Senſation of the Forms 

ary 4 which the Subſtances have from which the Particles 
laſt came. 


ca! 

the j in the Operations of theſe Particles, they are moſt 
by ; wonderfully to be thought of; for, their Velocities 
fter muſt be beyond all human Conception, their Num- 
1 fi} ber every where too great, and their Magnitudes 
> at 1 too ſmall, to be ever comprehended by Man. | 
the 4. When thoſe Particles paſs from one Medium 


by 


the ſity, their rectilinear Direction is altered, by their 
tre being ſolicited or inclined to the denſer Parts, and 
ted | with additional Velocity, from the Inſtant of their 
the being within thoſe Limits. 

dic 5 5. The Atmoſphere ſurrounding the Earth and 
er) Sea is a Fluid of vaſt Rarity and Elaſticity. Its 


Ul Wow ee with Water in equal Bulbs, has 


By obſerving the two Diameters of the Sun 


7 had about two Seconds Difference, when allow-_ 


rvations. 
Hence no Rotation of the Sun round its Axis in 


The Sun's Force in cauſing the Receſſion of the 
Temperate Zone, 
G 4 part of the whole, and what this may produce 1 is 


ter to Summer, by Sir Iſaac Newton. 


either reflected or refracted, and fall on the Eye of 


3. As che Poſitions of vidhle Objects are e inde- | 
5 | finite, and the quickeſt Tranſition of the Eye from 
one Object to another, cannot diſcover any Defect. 


and g 


to another, or through Mediums varying in Den- more than 4, 


the Loganthmic Curve, 


REFRACTION IN ALTITUDE. 
been found from between 1 to 600 and 1 to goo, 
at different times and places. Its lower Parts muſt 
be more denſe than the upper, and its principal 
Parts reach to the Height Xt 50 miles. | 

6. Conſequently, Particles of Light coming 
from the Sun and paſling through the Atmoſphere, 
in any other than a perpendicular Direction, do 
paſs through a Curve which is concave toward the 
Earth, and the Effect is greateſt when it comes 
horizontally, and nothing when it comes by the 
Zenith from either the Sun, Moon or Stars. 

7. From theſe Cauſes, Refraction at any given 
Altitude is different at the fame time at different 


11 


Places, and variable at different times for the 


ſame place of either the Earth or Sea. It is 
greateſt in Winter, leaſt in Summer; greateſt in 
high Latitudes and leaſt in the Torrid Zone. 

8. In a common Barometer adapted for the 
the Difference between the 
greateſt and leaſt Aſcent of the Mercury for Win- 


ter and Summer 1s three Inches nearly, and this 
anſwers to a change in the Horizontal Refraction, 


amounting to four Minutes of a Degree from Win- 
| Yet, no 
inconſiderable part of this alteration in the Baro- 


meter ſometimes Happens in a ſhort Interval of 
Time, Ts 


The Difference between the greateſt and leaſt = 


Af cent of the Mercury in a common Thermometer, 7 
for Summer and Winter is two Inches and half; Os 
and the like remarks may be made concerning its | 


Alteration. 
10. 


Atmoſphere; that, whilſt ſuch Inſtruments are ; 
taking their State below, they may be different 


from an homogeneous Diminution above, and 
thereby render the Concluſions in ſome meaſure 
bags | | 


But ſuch Errors although ſmall, may be _ 


3 annihilated by the following Conſiderations. > 
In Figure 6. Let à be the place of a Speftator 


on the Earth, 4g fc an Arch of the Top of the 


| Atmoſphere, d the higher and e the lower points 
of the Sun's Diameter, F the place where Parti- 


cles of Ligbt coming from 4 enter the Atmoſphere 
the place where they enter it from e. 


meter de will ppear at Yi. Here, e is retracted 
and therefore, the Sun's Horizontal 
Diameter will meaſure about four Minutes more 
than his vertical one, near the Horizon. | 

12. A Table of Refraction in Altitude de- 


creaſeth upward in a very irregular manner; it 


may be repreſented by a Curve not much unlike 
* P 
with Perpendiculars for 


the Refractions, which ſhorten very faſt near the 
| | Foreman, 


The Generation, 1 and Deczent af 15 
Vapours prove Heterogeneity in the parts of the 


Then 
will 4 appear at &, and e at i, and the real Dia- 


MOON'S PARALLAX IN ALT. 
Horizon, after which it approaches nearly to a 
Right Line. 

14. From theſe conſiderations, in two former 
Treatiſes I gave this Rule. Take the Horizontal 
Refra&tion at Sea, and when it agrees with that 
in a Table, the Refraction at any Altitude is ſhewn 
in the Table. When the Refraction taken is leſs 
than the Horizontal Refraction of the Table; find 
the obſerved Refraction in the Side of the Table, 
and it will appear how many Minutes you muſt go 


. 


beyond any other given Altitude, to take out the 


Refraction 1 


Example. . 
Obſd. His: Refrac. 24m. 30s. 

Tab. Hor. Refrac. 34m. 30s. 

| Difference 10m. Os. 
Obſd. Alt. 34d. 10m. 
Corr. Alt. 8d. 20m. 
Refraction gd. on. 15s. 
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: or Semidiameter; at any given Altitude. 


- rr of the Earth or Sea. 
2. In Figure 7. 


Tangent to the Earth's Surface, and the 0 er 
lines as per Scheme. 


3. If 4 be the Moon, the Herlnontal Panties 


5 by the common Definition is the Angle adc, but 


in reality it is the Angle adg or adh, and not 
1 adi, although all theſe agree with the Definition. 
5 But the Moon's Diſtance being about 60 f 
9 the Earth's Semidiameters, the Angle cg or hdz 

will be very ſmall, not a 


therefore it may be Gated as thing, 
5. If c be the viſible Horizon, the Angle 


dac is the true Altitude and kce the apparent 
Altitude; the Angle hae is the true Co-altitude, 


and the Angle bce the apparent Co- altitude; the 


Angle ace is Supplement to 6 ce, and the Angle 


aec is the Difference of the Ang. bee and hae, 
or of dat and kce, 
65. As ae to Sine of Angle ace, ſo is ac to Sine 
of Angle acc. Therefore, As Radius to Coſine of 
the Moon's obſerved Altitude; 
Parallax to the Parallax in Altitude. 


Moon's Altitude is to Radius; fo is the Difference 


ment 15 2 and hence they have torr Mediums. 


07 C alculations in Nautical Atrezeny 1 ; preparatory 5 


feect kind, together with the Theory of Science 
1. The Moon's Parallax in Altitude depends on 


her Horizontal Parallax and her Altitude; the 
former is commonly defined to be the Angle which 
the Earth's Semidiameter ſubtends at the Moon, 
and the latter depends on the Elevation above the : 


terials are not always printed, „ 
conſiſt chiefly of Manuſcripts, in the hands of par- = 
: ticular Perſons. N 


| Let a be the Earth's Centre.” 
c a place on its Surface, afd the true Horizon of 
c, 6 the Zenith, bed a Quadrant from the 7 
nith to the true Horizon, join 4c and draw d 


have boos publiſhed by me, in the ſhorteſt and beſt 7 


. manner. 


of working them, theſe are in my forementioned 
Treatiſe. 


Longitude at Sea, my Linear Tables will be found 


Second of a Degr My 2 of A true ang lar Diftance of Su un 5 Moon's | 


ſo is the Horizontal 


MOON'S PARALLAX IN ALT, 


7. The Difference between the Moon's horizon- 
tal and zenith Diameters is very ſmall, and the 


apparent Magnitudes of Bodies appearing under 1 
ſmall Angles 1s nearly in the Juverls Ratio of their 

Diſtances, and theſe are nearly as the Sines of the 
Moon's Altitude. Therefore, As the Sine of the 


. * . 5 
between her horizontal and ent Diameters, to 


the Augment of her Diameter for that Altitude. 


8. When either the Moon's horizontal Parallax, 4 
or her Diameter or Semidiameter are greateſt, this 
Augment 1 is greateſt, when they are leaſt the Aug- 


XXVII. 


to the Diſcovery of the Longitude at Sea by them. 


1. Calcalations relative to Nautical Aftronomy © 
may be conſidered as of two kinds; firſt, ſuch as 


Wo: 4 
5 


are made for Predictions, and ſecondly, ſuch as are 


neceſſary for immediate Application either on Land 


Rules for ealenlaotig the Moon's Parallax i in Altitude, 
and the Augmentation of her Horizontal Diameter, 


or vu *% 
The Calculations for Predictions, require 
Perrier Obſervations and Tables of the moſt per- 


Such Ma- 


and the beſt Methods of . them. i 
ut frequently they 


The 6 for W "WR Uſe, are 
chielly made by the Logarithmic Tables; fuch _ 


it is neceſſary to have readily the Rules for Plane 


4. In the latter of theſe kinds of Calculations, 
and Spherical Triangles, and the moſt ready way 5 


In the Lunar Method of finding the 


more eaſy and conciſe than any others that 20 
appeared 0 on dhe — 


xxIX. 


Centres ; and how it is found, by nn. * Co- 44 
| temporary Obſervations, 


1. The true Diſtance of Sun and Moon's Cen- 
tres is the number of Degrees, Minutes and 8e. 
conds of a great Circle in the Heavens, that would 


appear to be intercepted between their Centres, 
could an Obſervation be made at the Centre of V 
the Earth, and unaffected with Refraction and | 
Parallax. | 
2. This true Diſtance will always become leſs * 
on the account of Refraction only, but after that F 
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z: — ‚—ꝙauſ—mꝛmꝛ̃ꝛ—ꝛñ 2 2 2 + g þ ——U—[t[7 hhP————— 
* 2 L 


C. — — — 


"+. 
* N % 


44a „%%% „% Sos 


e 5 5 | Fig. G. 


= , 
— 
7 —- 


- 56> 
® _ 


. * ; es Þ + 2 — 
5 "TEASES SE CES ASA SA © a DD uh. > exe; 


— 
— 2 4 


ͤ— — — — lp? 


E · *òuJUÜ—OODV˙OV'w, n 054.40 00.0 5 De 


- - 
4 : 
* 7 
- . 


2 
* 


a 8 s — - 4 #4 3 7 N 7 - 2 *; : * e 8 85 

. 8 1 5 - \ . 8 — N r ps 

at bad”: * 3 ET AS. Ce 2 2 © 22 , TEST OI org I OT ET 

6 I'S > n e CONE. —— F : CT — N 82 at . 
* eee 2 . e 2 8 8 * 8 EO 8 = 8 


Oe ewes — 


—— —— —— 


24444222 T V <2 4-2 2„35„«k „„ % „„ „„ „ „„ coo o woo as eos 


2 


As. 
Fat FA 
. 
* 
— 
\ 8 
FRO 8 


* * &c Z F 
£ I's 
Fo 


* 
2 Tr — 
* 


— 
— 
. 


18 " 
r . * 


- 
Es 
AS; 


. 


6 
. * 35 88 oo - 
6 5 
e 3 


Perlracton & Haraltaa Lage 72 


* 


— 
* * og WD, N 


5 => 2 
8 1 2 — * Py" ws. ty | 
ES os AAA - A 
2% - C. 3 . * * Lon * 5 8 : 5 
Wen : a A EE ee ES. - op i ff „ ˖ͤĩ·˙ K O 


* N 
* 


— 
. _ 
22 
, 
1 
. 
Ll 
” 
- 
— 
” 
” 
| 8 
> 
« 
* 
* 
. 
- 
= 
| - 
7 
— — ents — — — 1 
— — — noe * —— — — 
— — — — ——— . _— 
CL CESS aa nr ern rr Ie I I ei I OE — — — — 
— — — 
— — - —— — ——ß' — — 
— _ — — * — - - - 


; 

4 } 
18 
5 
> hs 
. 
1 
. 


SY #2 7 
F 
0 50 


* i 
ov 
IE 
N 
7 
v y 


1 


2 
+ © b; 
T8 


but Parallax depreſſeth the Sun and Moon, and 
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ANGULAR DISTANCES. 


it may be varied on account of Parallax, and there- 
Wore the whole Correction ariſes from the joint 
Effects of Refraction and Parallax. 

3. In Figure 8. Let a6 be an Arch of the 
ZHorizon, c the Zenith, ad the Altitude of the 
Sun's Centre cleared from Semidiameter and Dip 
of Horizon, se the Altitude of the Moon's Cen- 
tre cleared from Semidiameter and Dip of Hori- 
zon; then, becauſe Refraction apparently elevates, 


becauſe the Sun's Parallax in Altitude is always 
3 leſs than his Refraction in Altitude, let & be the 
13 Difference between the Sun's Refraction and his 


: 53 


rallax in Altitude is always greater than the Refrac- 
. tion in Altitude let eg be their Difference; ſo will 


1 


1 Pas. - 


' Parallax in Altitude. But, becauſe the Moon's Pa- 


de be the obſerved Diſtance of Centres and fe the 
true Diſtance cleared from Refraction and Parallax. 


4. Theſe waa may be made different 


Firſt Method of finding the true Difance of Cee. 


* 


ig 8) cde, the Angle c may be found. 


ſhortened as much, this gives cg. 
th. Having the two ſides / and c cg and the lv 
Angle c, the fide 7 g ay be found, which was 


"7 required. 


Second Method of fading the true Diftance of Ce ent) es. 


1ſt. Having the Sides of the 8 pherical Triangle 


| q (Figure 8) cde, the Angles c and de may be 


found; and then, becauſe the line 4 is very 


mall, the Angle cde may (in many Caſes without | 


ſenſible Error) be called the Angle cfg. 


2d, Find 4, and e g as before, and beteten 


& and cg 


2 r 


: 


* 


Baſes 


. dine of Angle ofs (or de) to Sine of 
ly Side cg; ſo is Sine of * 3 to Line of Sie 5 


b Ve very nearly. 
* q * Third Method of en the: true - Diftance FC Centr res. 


In Figure 8. Make 43 perpendicular to Fg g. 


and gi perpendicular to 4e. Then, 
iſt. Get the Angles 6, ced, and cde which put 


for cfg, as before. 
2d. Get cf and cg as before. 


as plane Triangles, and find in them the little 


cond ſubductive from 4e, to give nearly the Di- 


N . which was required.” Theſe Caſes of 


1. Having the Sides of the Spherical Triangle | 
putations are founded. 
2d. Having the Difference of Sun's Refraction 
and Parallax in Altitude, the Side c may be 
I lengthened as much, this gives cf 0 
zd. Having! the Difference of Moon's Refraction 
Ix and Parallax in Altitude, the ſide ce Dy. be 


3d. Conſider the little Triangles 4f == eg: 


Fh and ez; the firſt additive to and the ſe- 


ANGULAR DISTANCES. 13 


adding or ſubducting the little Baſes, vary accord- 


ing to the Angles at e and 4, whether they are 
acute or obtuſe, 


5. Hence it appears, that, the Method of 


finding the Effects of RefraQtion and Parallax 1: 
eaiy and certain, requiring no other original Prin- 


ciples than thoſe which Navi igators elther are or 
ought to be acquainted with {the Solution of Plane 
and Spherical Triangles) nor any other Loga- 
rithmic Tables then are or oaght to be in every. 
Ship at Sea; thele are Circumſtances which inge £ 
nious Perſons will ſet ſome value on, ſceing the 


Problem is not of the moſt compendious and cafe 
kind, nor hath it been unobſerved that there have 


been publiſhed by others various other Methods of 
ſolving it, which are not only difficult and tedions, 


but depend on Principles not agreed on among 


Mathematicians and Philoſophers. 

6. Nevertheleſs, Tables of an ingen jons kind. 
adapted and calculated for ſolving this Problem in 
an eaſy and correct manner, cannot but be of {tn 
gular Uſe to ſuch as chooſe to decline entering into 
the Reaſons or firſt Principles on which the Com- 
Indeed, ſuch well con 
ſtructed Tables, may at all times be readily ap- 


plied, by all Perſons, with more Certainty and 
Eaſe than a pure Analyſis of the Problem admits 
of, through the Difficulties contained in it, and the 
want of Perfection, even in the readieſ Com- 
pPutor. : 


- „ TEDEe fuck: Tables are not at kind: or 


the manner of uſing them is not underſtood, there 
is no other Way of ſupplying their Uſe but by 
ſome original Method, amongſt which three of the 
moſt capital ones have been before particularized. 

At ſuch times and in ſuch caſes, the Calculator 
will do well to conſider the Problem and its Parts 
as they depend on original Principles, and to ap- 


ply ſuch a Method of Solution as is moſt eaſy, 


beſt underſtood, and at the ſame time ſuſiciently ” 


correct for the purpoſe. 5 
8. Under theſe . ee although there 


be ſome additional Thoughts, the Labour will not 


be all loſt, but in ſome Caſes a nearer approach 


may be made toward the Truth; for, in ſolving 
the Queſtion from its own Principles by an origi- 
nal way, there may be made ſuch Allowances tor 
Re fraction, within a few Degrees of the Horizon, | 


as the State of the Climate or Seafon requires, 


and thereby may be expunged the Errors which 


muſt neceſſarily ariſe from Tables confined to one 
Scale of Refraction, or a luppaled constant State 


of the Atmoſphere. 


9. Whilſt the Computor is bringing out the So- g 
lution by an original Way, he will depend much 
upon the Relations of the Sides and Angles of 


ſuch Spherical Triangles as form the Parts to be 


computed 


14 ANGULAR DISTANCES. 
computed and lead to the Anſwer, and their Ac- 
curacy will depend much on the certainty of the 


Tables, which at leaſt ſhould give Arches and 


Angles to the neareſt Seconds of a Degree. 

10. In this view, the firſt of the three foregoing 
ways, as ariſing from the whole Spherical Trian- 
ole, appears no way difficult, but as though it 

would be one of the moſt natural and eaſy Methods 
that can be n for, it depends chiefly on 
the finding an Angle of a SpHern cal Triangle when 


the fides are given, and then the finding a Side 
e two Sides and the contained Angle. 


This is a natural and it would be the moſt 


correR Method that can be wiſhed for, if the So- 


!ntion could ſuffer no Defe& through the Relations 


the Angle at the Zenith happen to be ſmall and 


the Diſtance of the Centres great, an Error of a 


Second in the Zenith Angle may produce ten or 


even 8 times that Error in the Diſtance. 


The Data that will produce ſuch (and it 
may be greater Errors) by ſuch a Method of Solu- 


tion, frequently happen in the Torrid Zone, on 

account of the vertical Poſition of the Zodiac twice 
every Day; and therefore, however plain it may 
appear, or whatever Tables are at hand, this Me- 

8 thod of Solution ſhould be e with San 
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: 07 Correftions for the Is, in tbe PR Di- 


 ftances of Sun and Moon. 


| 3 When the Altitude of the Sun, the Aude 
5 of the Moon and the Diſtance of Sun and Moon 
have been taken, due regard is to be had to the 
circumſtances attending them. The like when a 
Star is uſed inſtead of the Sun. 


2. 'The Dip of Horizon 1s the number of Mi- 


T he Sun's Semidiameter is to be added to 


8 
the obſerved Altitude of the lower Limb, but ſub- 
rracted from the obſerved Altitude of che upper 
i Limb? ; this is in its Table. 

Some Writers on this Subject OY hive been 
ſer rupulouſly nice concerning the above corrections 
to Seconds and Parts of a Second, have omitted 
others; whilſt the Data retain at leaſt, the Errors 


ariſing from the Earth's Fi igure, and che Refraction 
for one part of Sun or Moon which belongs to ano- 


ther, and which frequently amount to many Se- 


conds of a Degree. 


noctial, the Curvature is greater than in the op- 
poſite Direction toward the Pole; conſequently, 


Oblique Directions. 
ot the Parts in the uſe of the Tables. But, ſhould 


been taken, and the Altitude of one of them WU; 


Contact will be 4 and e nearly, and the Effects of 
Refraction and Parallax will be nearly the ſame as 
for the Centres & and c. But, ſuppoſing b and 
the Centres of the Luminaries, and F and g their | 
neareſt Points of Contact, the Refraction ** Pa- 1 
rallax ſhould be for F/ and g and not 5 and 5. 15 
Hence, when the Zenith Angle is ſmall, there | 


Ih parallal to the Horizon. By the two Co-alti- 1 
| tudes and obſerved Diſtance, find the Angles at : 1 
and , then is 25 the Natural Coſine of the An- 
le 234 or 7bf to the Radius bf, which added 


| Supplement toahb or of gha to the Radius g, 


ly, the Refraction and Parallax in Altitude are to 1 


thus. 5 . 


' CORRECTIONS FOR DATA. 


6. A Spirit Level of a circular Form, when le- 
velled has its Air Bubble in the Centre of the 
Level; then, the Fluid conforms to the Earth's Wi 
Figure, but a Plane Glaſs covering tbe Fluid is 
not coincident with the Surface of that Fluid, nor 
does the Fluid itſelf bear the Surface it would on F& 
a Spherical Earth, except at the Equinoctial and 
the Poles. Here, © = 

7. In a Direction obliquely toward the Equi- 


the Tangents to the Centre of the Fluid all round, 
are not in the Plane of the Glaſs, and Altitudes * 
taken by both will differ, when taken under 


8. When the Diſtance of Sun and Moon have 


amounts to but a few Degrees, it is proper to con- 


ſider how the other of them is ſituated, before the bt 
Refraction is taken out which is to be uſed for the 


Contact of the Limbs; for ſhould either Sun or it 


Moon be near the Horizon the Refractions for tge P 


„ | | CDP 
Contact of the Limbs muſt not be taken out as for bi ol 
the Centres, but a Correction made previous to A 


the Solution, otherwiſe it may be inaccurate. | d! 

9. In Figure 9. Let a be the Zenith, 6 the © 
Son- s Centre, c the Moon's Centre when their 

Altitudes are equal, then their neareſt Points of 0 


n 


may be ſome Difference between the true and | 


| ſuppoſed Refraction and Paraltax in Altitude, | 


| through great Difference of Anl. 7 
nutes and Seconds which the Viſible Horizon ap- 


_ pears lower than it ſhould appear, by the Eye's 
Height above the Surface of the Sea; this is in 
its Table, and is always to be fubrracted fiom the 
: obſerved Altitude. 
. The Refraction in Mimites and Seconds f is in 
8 36s Table; this is always to be ſubtracted when uſed. 


8 


10. To correct this Error. Draw mf, gn and 


1 


N 


92 . 

- * 
— I th 
* 32 


nin 


= 
05 
Kel 


55 


to p gives pm the Altitude of one Point of 7 
Contact; and Y is the Natural Coſine of the 


which ſubtracted from 9% gives gn the Altitude 
of the other Point of Contact; for which reſpective- 


Sz 2 . e at : 


be taken. But, as this Correction may be thought 

tedious, I ſhall here only recommend in practice, 
to judge of the Angles by the Poſitions of the Lu-- 
minaries, and make the Allowance accordingly = 


11. 1K. If the Luminaries have nearly equal 44 
Altitudes, the Refraction and Parallax in Altitude 
for their Centres, will be thoſe for their Points of C : 

Contact. 


= - CORRECTIONS FOR DATA. 


le- Contact. 2d. If they are on the ſame Side of the 
the © Zenith, thoſe for the Contacts muſt be, one 16 
h's Minutes higher and the other as much lower than 
is | for the Centres. 3d. If they are near the ſame _ 
1or Meridian on different Sides of the Zenith, thoſe 
on for the Contacts muſt be for 16 Minutes in each, 
nd | F 5 Ligen than the Centres. 4th. If they are in an 
oblique Pofition ; firſt take a View of them, and 


ai- then form a Judgment how many Minutes of a 
op- ene they may have their Points of Contact 
ly, 5 higher or lower than their Centres, and allow 
nd, 1 accordingly. This, in uſual Caſes may be done 
des without erring a Quarter of the Semidiameter, 
der 


r Which i 18 exact. 


ve XXXI. 
em 0% Corrections for the Data; in is e Diftances v 
| 72 . of the Moon and a Star. 
1 
the | - When the Altitude of a Star has been taken, 


it kaving no Semidiameter, the Refraction and 


Altitude of the Moon's Limb. In other Reſpects, 
the Corrections are to be mace as for the Diſtances 


4 81 
7 
Og 


15 of Sun and Moon. e 
| xXxxII. 


of e 
. of 4 | or Coe, in | fuding the true Difance of 8 „ x 2: 
e = either Sun and Moon o or Moon and Star. | 

- 1 

dh See Figures 10. 11. 12. 135 

1eir Becauſe the Sun's Parailax in Altitude is 
Pa- 3 leſs than the Refraction at the ſame Alti- 


k tude, as before noted, the Baſe of a little Right- 


ere = angled Plane Triangle, will be additive to the ob- 


and 5 ſerved to get the true Diſtance of Centres. 
ide, 1 


= 


lti- | £4 Altitude more than the obſerved. Conſequently, _ 
at þ 7 1ſt. When the Zenith Angle is acute and the 
An- 4 gl Moon's Altitude leſs than the Sun's, the Baſe of 
ded the little Triangle is ſubductive. 2d. When the 
of 1 Zenith Angle is obtuſe, and the Moon's Altitude 
the greateſt, that Baſe is ſubductive. 3d. When the 
g, Zenith Angle is acute and the Moon's Altitude is 
ude greateſt, that Baſe is additive. 4th. When the 
ve- © Zenith Angle is obtuſe and the Moon's Altitude 
eto | is greateſt, that Baſe is ſubductive. _ 
ght! 3- A farther Correction may be introduced if 
ice, || (in Fig. 14) ABC be ſuppoſed the little Triangle 
Lu- itſelf, and BF be a perpendicular on its Hypo- 
gly, thenuſe ; then, the Triangles ABC and BFC are 
ſimilar, here, as AC is reduced to AB ſo is AB 
jual farther corrected by a ſmaller Quantity CF, and 
ude ſo — 2 farther Corrections be introduced till they 


vaniſh. 


| Paral! ax in Altitude is for the Contacts, at the 


1 obſerved Altitude of the Star and the corrected Diſtance is the Reſult; when the true Diſtance is 


{mall and a Table of Six places of Figures beſide 
Index is uſed, there will be Error for Degrees of - 
Diſtance, thus; | 
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Of Method; for finding the True Diſtance of Centres, 
of either Sun and Moon or Moon and Star. 


1. When the three” cotemporary Obſervations 
have been taken, namely, the Altitude of the Sun 
or Altitude of a Star, the Moon's Altitude, and 
the Diſtance of Sun and Moon or of Star and 
Moon ; in order to find the true Diſtance of Cen- 
tres, there muſt be likewiſe given the Semidiame- 


ters and the Moon's Horizontal Parallax. Then, 
the Solution may be purſued either by the parts of 
the whole Triangle, or by finding ſuch additional 
or ſubductive Corrections as will give the Truth. 


2. If a Solution be purſued by the whole Trian- 
ole, the Degrees, Minutes and Seconds which 


enter into the Proceſs, together with the Propor- 
tional Parts on which their nicer Subdivilions 
depend, will go on heavily, for they muſt be com- 


puted with the greateſt Attention, otherwiſe, Error 
in adding or ſubtracting may be fatal. At laſt, 
3. If the logarithmic Coſine of Half the true 


"Dep. i of Error 45. or 2 Miles. 
Deg. 18. Error 6s. or 3 Miles. 
Deg. 135: Error 8s. or 4 Miles. 
Deg. 97 Error 128. or 6 Miles. 
Deg. 53. Error 20s. or 10 Miles. 5 
It may not be eaſy to compute on this Plan, lefs --- 
than fix times for proportional Parts, and thereby 
introduce additional Errors, and the Relations of 
che Parts (as before obſerved) may make them 


8 more; and therefore, this Method, for ſhort Di- 
2. Becauſe the Moon's Parallax in Altitude 


always exceeds the Refraction at that Altitude, the 
joint Effect of both always makes the Moon's true 


ſtances, at leaſt is not the moſt perfect; and how 
it may affect greater Diſtances 15 not eaily to be 
determined. | 

If the Sun and Moon's or Star and Moon's 
1 are found, there is but little danger of 
ſuch or other Errors; for, thoſe Angles may be 
readily found to a Minute of a Degree, and more 


accuracy is not wanted; then, the little plane 


Triangle and its Appendages, frequently exhauſt 
all that is required. But, . 
5. When both theſe Angles are wound. if the 


required Side is ſought by Analogy of the Sines 


of the Angles and the Sines of the oppoſite Sides, 
there will frequently be Ambiguity in the Anſwer; 
for, it may be greater or leſs than a Quadrant, | 
and the proportional Parts may make it more un- 
certain. 
6. When, in the. Solution of this 8 2 
number of Terms ariſe to be diſpoſed of by diffe- 
rent Caſes, their Variety will make the proceſs 


: "Uifficult't to the moſt able Ser and introduce 


Error 


" 
191 


16 REMARKS ON METHODS: 


I'rror through the number of particulars... It is 
Fil worſe, when beſids theſe, Tranſitions are to 


b- made from natural to artificial Numbers or the 


contrary, and when proportionals are to be found 
with the greateſt Care and Attention, whilft the 
Tables to he uſed cannot give the Truth. 

7. A ümilar Remark may be made, on the ap- 
plication of Tables computed upon a ſuppoſed 
iqualiry of Refraction near the Horizon, for all 


times and places. In ſuch tables formed for whole 
„ there will be at leaſt four Corrections 

generally occuring ; namely, one for intermediate 
Minutes of Diſtance, two others for intermediate 
Minutes generally on both Altitudes of the Lumi- 
nariés, and a fourth for the intermediate Seconds 

of the Moon's Horizontal Parallax. Whilſt theſe 
Corrections are making, ſome of them will be 
adluitive, others ſubductive, ſome great and others 


mall. All this tends to embarras the Computor, 


as he cannot with ſafety reject nor lightly paſs bßß 
any of them, it being very difficult for the moſt | 
diſcerning Perſon, without Calculation, .to judge 


wanat Error an Omiſſon of any of them may. 2285 
duce. 


„„ 5 


of Naztical Tnftr uments, * Aber are or e 


to be ina Ship at Sea. 


The Principal Inſtruments which a Navigator at i 
| . ought to have, are as follow. | 
The Log-line; having its Knots 51 Feet . 
di 3 from each other, and that ſuppoſed to con- 
tain ten equal Parts, although it be ee, 
otherwiſe divided. To | 
2. The Sounding-line for meaſuring the Deprh 
of the Sea, near the Coaſts. _ 5 
3. Either a Half- minute Glaſs, Time-piece, or 
a a Pendulum to meaſure that Interval, or what are 
better, a Spring Clock or Pocket Watch; appli- 
cable either for meaſuring by the Log line, or in 
ö the making of aſtrenomical Obſervations. . 
4. 18 Steering Compaſſes; one in the uni 
_ Farm! the other ſo framed that its Card may be 


5. The Azimuth Compaſs, for taking the 


Year ; or any other Treatiſe ſupplying 3 its Peine 


pal aſe, when 1t cannot be had. 
8. Charts of the Stars and of the Places where 
the Ship is expected to be, and Variation Charts 
of che deas Where 1: is expected to ſal. 


\ 


HADLEY'S SEXTANT. 


9. A Spring Clock or Pocket, Watch, to be 
kept as nearly to the Time at the Ship as Ob- 
ſervations will permit; and which may be de- 
pended on for keeping one or two Hours of Time, 
with but ſmall Error. A Watch for keeping Equai 


Time during a long voyage, is not here mention- 


ed, that belongs almoſt wholly to, the Method of 7 


finding Longitude by a Time-keeper. 


10. In uſing theſe Inſtruments ; the Compaſs A 
ſhewing the Points of the Horizon without Varia- 
tion, will ſhew the Bearing of the Celeſtial Bodies 
near to and remote from the Meridian, nearly as 


they are to be underſtood ; and thereby undeceive 


in making Obſervations at the moſt proper Times: E 


and a Clock kept nearly to the 5 Time will 1 


| anſwer the like good pur poſe. 


XXXV. 


or Ha 5 4 aan, its Perſections and Inper - 4 


 fedions, 
1. This nent as it is what 4 A for 


ſions are rarely to be met with, and therefore, to 


be able to judge to Half a Minute in a Foot Sex- 
tant, and to the third of a Minute in one of 

Eighteen Inches, is the beſt that can be expected. 
3. On account of theſe Limits, ten Seconds of 
a Degree are not to be diſcerned on the Arch of 

the Inſtrument however accurately it is divided, 
and this alone will produce an Error of five Miles 
in Longitude at the Equinoctial; but if twenty | 
| Seconds be admitted for an Error in reading, the 
_ eaſily moved on the Needle that carries it, and 
made to ſhew the true Courſe without Variation. 


Error in Longitude will be ten Miles; and this 


may eafily happen in reading the Subdiviſions 
1 when the Diſtance has been obſerved. 
Variation of the Compaſs, made in the beſt. f 
manner. | 
6. Hadley's Ocdant, for ordinary ale! in taking 
Altitudes; and the Sextant for nicer purpoſes 3 in 
taking the Longitude. 


7. The Nautical Edbemarie fon the current 


4. A Second Error to the ſame amount may 
ariſe in ſetting the Beginning of the Index to the 


Beginning of the Sextant, or in any other Mode 
of determining it; and, a third Error to as great 


an Amount may ariſe from an imperfect Junction 
of the Objects either between the quickſilvered 


and plain Part of the ſmall Mirror, or on the plain 


part itſelf; ſo here may be three Errors of one 
kind and of this Quantity. 
„The Amount of theſe Errors in their leaſt 


ſtate N an Error of fifteen Miles at the 


Egquinoctial, 


Aſtronomical Obſervations at Sea, is not leſs than 
one Foot nor more than two Feet Radius; but, 
whether it be made of Wood or Braſs and intended 
for Uſe at Sea, its Radius ſhould not be leſs than 
fifteen Inches, in order to > have its Subdiviſions | 
8 _—_ underſtood. 
When the Radius is not leſs than fifteen : 
* and the Diviſions are finely cut in the moſt 
correct manner, by help of the Vernier or Nonius 
Diviſion, and the ſtricteſt Attention that can be 
employed, the Subdiviſions may be judged to near 
a Quarter of a Minute of a Degree. Such Divi- 
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HADLEY'S SEXTANT. 


Equinoctial, and may amount to Thirty Miles; 
nor is there any way of coming nearer the Truth, 
but by the Probability that may ariſe from a Me- 
dium. Farther, 5 
6. If the Inſtrument be framed of ſuch Materials 
and in ſuch a manner, that it will not ſtand, but 


warp, ſhrink or expand in a Climate that is either 
extremely hot or cold; if there be any Error in 


the Diviſions; any ſhake at the Centre, or the 
Parts there are not turned perfectly round; if the 
Glaſſes are not perfectly parallel Planes; if they 


happen to be bent or ſtrained ſo as to alter their 


Planes; if the Eye is not at the place where the 
Adjuſtment requires it, or the Objects are not 
united at the proper place on the ſmall Mirror; if 

the Limbs to be joined happen to be imperfectly 


defined, and other Cauſes of Error might be men- 


tioned; then, many ſuch of the ſame kind may 


(if poſſible) to determine what Error may be in the 
Longitude deduced from them. Nevertheleſs, the 
Probability will be within the Limits before 
RE TT: 
| Of Accuracy in Obſervations at Sea, with Angular 


Inſtruments. 


I. In the making of Aftronomical Obſervations 
although the ſame Inſtruments are uſed by diffe- 
rent Perſons, it frequently happens that under like 
Circumſtances, Obſervers will differ; this may 
ariſe from various Cauſes. iſt. They may be ſhort. 
| > fighted. 2d, They may diſcern Objects beſt at a 


moderate Diſtance. zd. They may ſee beſt at a 


may be different, and enable one or the other to 


perceive more diſtinctly, and thereby to form a 
judgment concerning the Bounds or Limits of Ob- 
jects and the greater or leſs number of Parts which 
[| 15 their Magnitudes contain. Farther, L 


2. As the Eye of one Perſon may be better or- 


beſt Inſtruments. _ | 


3. In the Royal Obſervatory at Greenwich 1769, 


. I clearly ſaw the firſt external Contact of the Pla- 
+} net Venus with the Sun's Limb ſooner, and the 


{7 firſt internal Contact later than any of the other 


ſingle Obſervation. 


Perſons under either of theſe 
Caſes may be aſſiſted by Glaſſes, but the Effect 


difficult for the moſt acute Obſerver to determine 


ACCURACIES IN OBSERVATIONS. 1 


/ 


ſix Obſervers, by ſuch an Interval, that the Time 
between the Contacts or paſſage of the Planet over 
the Sun's Limb, was three Quarters of a Minute 
of Time longer than a Medium of che other Ob- 
ſervations. | : 

4. When two fine Threads are ſtretched perpen- 
dicular to the Horizon, near the Plane of the Me- 
ridian, at the Diſtance of Eight Feet from each 
other, the Eye of an Obſerver being ſteadily fixed 
at a ſmall Diſtance from the hindermoſt Thread in 
the Plane of both, may ſee the Inſtant when the 
Sun's Limb apparently toucheth the foremoſt 
Thread without erring two Seconds of Time in a 
So; | 


5. When a Teleſcope is uſed of the ſame 


Length as the Diſtance of the Threads and mag- 


nifieth 80 times, the Contact cannot be taken 


without erring an Eighth of a Second of Time. 
_ ariſe in a ſingle Obſervation, and it is very hard 


Here, the apparent Swiftneſs is increaſed 80 


times; and therefore, it might be taken to the 
5 part of a Second of time, if there were no 
Inability in the Sight, Hearing, or both, to re- 
ceive Impreſſions and report to the Mind, the ade- 
quate Ideas of ſwift Motion and Time. But, 
here both Senſe and Judgment are limited, and 
JJ; 14 oſt. Eu Ee EE 
6. There is another Method of judging when 
either the Sun's Limb or a Star tranſits the tele- 
ſcopic Wire of a Tranſit Inſtrument in a fixed Ob- 


ſervatory, by obſerving the Situation of the Limb 


or Star to the Wire both the Second of time before 


and after the Tranfit, and infering accordingly. 
Thus, if the Clock's Beat be when the Limb is 


ſhort of the Wire by any apparent Space and at 


the next Beat it is paſt the Wire by double that 
Space, the Tranſit is for a third part of a Second 


of Time after the firſt Beat; but if it be doubtful  _ 
whether the Limb is paſt half or a third of a Second 

of Time at the laſt Beat, the Medium will be but 

a little more than a tenth of a Second of Time 
r ou EE 


7. This Method, depends on the Properties of 


= r- Fractions which are nearly of the ſame Denomi- 
ganized than that of another, ſo may the Faculties 


of the Mind, and this may be applicable not only 
to viſible Objects, but to other Things, and 

_ | 27 amongſt them to the ſmaller Quantities of Dura- 
tion or Time. Both the Idea of Magnitude and 
| 7 Time, at leaſt the Perceptions of them, are abſo- 
llutely neceſſary in making Aſtronomical Obſerva- 
tions, and a Deficiency in either of theſe, renders 
7 Obſervations imperfect although made with the 


nator, and is applicable to a great variety of Sub- 
jects. It is uſeful in reading the ſmaller Subdivi- 


ſions of graduated Inſtruments, and the preciſe 
time when a ſwift Index paſſeth over the Diviſion 
of a Dial Plate in a Time-keeper, and in ſome 
Caſes, it may help to leflen the Errors of ſuch. 


Diviſions ; but will not correct any greater Errors 


that may originate in the Conſtruction of Inftru- 
ments. | | | | 


8. The ſmall Space which is apparently de- 


ſcribed by the Sun's Limb in a Second of Time, 
as viewed through the beſt Teleſcopes, and the 
quick return of the Clock's Beat, make it very 
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18 ACCURACIES IN OBSERVATIONS. 


the Inſtant when the Limb or Star is on the Tele- 
ſcopic Wire, without erring a fifth of a Second 


of · Time. Then, there will be three ſuch Ob- 


ſervations in aſſigning the Moon's obſerved Right 
Aſcenſion, namely, one for the Star's pafſing the 
Wire, one for the Sun or another Star, and a 


third for the Moon ; and theſe may produce an 


Error of three fifths of a Second of Time, which 
grves nine Seconds of the Moon's Receflioa, or an 


rror in Longitude at the E quinoctial of 4x Miles. 
There are five Wires in ſuch T eleſcopes, at which, 


ſuch Errors may ariie, ſuppoſing them all placed 


right; and therefore, the time of Tranſit to the 


preciſe {mall part of a a Second of Time cannot By 


determined. 


If ſuch 8 may ait from the moſt per- 
3 ſtate of Inſtruments and the Senſes, what may 
be the Errors of Inſtruments imperfectly formed or 
adjuſted, or Inability to make the beſt Uſe of 
them!? 1ſt. In counting ſmall portions of Time, 
the Mind with difficulty determines to the fifth 
part of a Second. 2d. The Eye with great diffi- 
: culty diſcerns when the Sun's Limb or a Star, is 
within a Second of a Degree of the teleſcopic 
Wire. 3. The Clock may not have been exactly 
ſet to the Inſtant which was intended. 4th. lt 
i may err from its Rate of going in the Interval of 
'Time. 5th. An Obſerver may err in judging of 
the Beats of the Clock, or Motion of an Index 
on a Dial Plate, as co the Inſtant they happen. 
Or, 6th. Of the Situations of the Limb or Star, 
near the Wire, at the Times they happen. th. 
The Central Wire of the T eleſcope may not move 
preciſely in the Plane of the Meridian. Sth. The 
other Wires may not be correctly equidiſtant from 


the central one. gth. The Mark for adjuſting the 


LIeleſcope may not be correctly in the Plane of the 
. Meridian. roth. There may be Error in adjuſt- 


ing the Horizontal Axis of the Tranſit Inſtrument, 


eicher by the Spirit Level or the Plumb-line. 
11th, The Line of Collimation or Axis of Viſion 
paſſing through the Teleſcope may either have been 
frſt out of the Plane of the Me:1dian, or it may 
have altered. 12th. The Teleſcope may become 
out of the Plane of the Meridian by its own 
Weight and Motion ; otherwiſe, it would need no 
new Adjuſtment. 13th. There may be ſmall Re- 

fractions parallel to the Horizon at particular times 


and places, by reaſon of Inequality in the Denſity 


of the Atmoſphere. 14th. There may be a ſmall 
Dilatation or Contraction of the Sun or Moon's 
Limbs according to the ſtate of the Atmoſphere. 
15th. There may be a ſmall Error ariſing for want 


of knowing correctiy the Moon's Diameter, or 


even the Sun's; and another ſmall Error may ariſe 


eoncerning the Stars being exactly on the Middle 
_ of the Teleſcopic Wire, | 


CORRECTIONS FOR ERRORS. 


10, Of theſe fifteen Errors and others that 
might be mentioned, it is hard to determine which 
of them can be wholly annihilated by the exertion 
of the niceſt Judgement and the ſharpeſt Eye. It 
15 certain that an Error of a Second of a Degree 
in the Moon's Daily Receſſion from the Sun and 
fixed Stars would be with the greateſt difficulty 


(if at all) diſcerned, and that the Error may happen 
to be greater. But, were theſe all, and ſhould 


the greater part of them happen too great or too 


little, they amount to fifteen Seconds of a Degree, 
and that 1s the Eighth Part of a Degree of f Lon- 
gen at the — OE 


XXXVII. | 
07 Corrections for Errors in obferwed Angular Di- 


T ime, 


1. The obſerved Angular Diſtance of Sun 104 f 
Moon or Moon and Star, is commonly called a 
Sight. It is taken either with Hadley's Sextant 
or Oftant and ad expreſſed i in Degrees and 


Minutes. | | 
Oo One or Ts Sights. 


two Sights are taken their Medium 1s to be taken 


for the Middle-time between the two Obſerva- 
tions, and this Medium admits of no Correction. 
z. When three Sights are taken and the Me- 
dium of the firſt and third agrees with the Middle 
Sight, and the two Intervals of Time are equal, 


this Medium is for the Middle- time of Obſervation 
without any Probability of Error. But, when 
three Sights are taken with unequal Intervals; 3 or, 


when the Intervals are equal and the Mean of the 


Extremes differs from the Middle Walt, there is 
reaſon for farther Correction. 

4. During the Time allotted for taking the pi 
ſtances of Sun and Moon or Moon and Star, they 


either increaſe or decreaſe in Diſtance, very nearly „ 
equal Spaces in equal Intervals of Time; there- 
fore if thoſe Intervals are increaſing or decreaſing, 


a Series of Obſervations corrected by theſe Princi- 
ples will be very near the T ruth. 


Of Three Sights. 
When three Sights are taken at the end of 


_ Intervals of Time; Add together the firſt and 


third Sight, half their Sum added to the Middle 
Sight, and that halfed Sum, gives the Truth nearly. 
Here, when the Medium of the extremes agrees 


nearly with the Middle Sight, it is very near the 2X 
Truth, — if Half the Sum of the — 1 
e — dotn 


ances of either Sun and Moa or Moon and Star, 
taken at the end of ſnort and equal Intervals FE 


8 When one Sight only i is taken, it admits | 
of no Correction, therefore in this Caſe it ſhould 
be taken with all poſſible care and attention. When 
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CORRECTIONS FOR ERRORS. 


doth not agree nearly with the Middle Sight ; 
then, add it and the Middle Sight together, and 
Half their Sum will be the Truth nearly, 

6. By this Method, the Correction may be made 
at once and the Half-ſum will in moſt Caſes come 
near the Truth for the Middle-time of the Obſer- 


vations. The Time may be taken at each Sight, 
by help of a common Watch, if the Time is re- 
quired ; but in the Lunar Method of finding the 


Longitude, no ſuch Watch nor any Time-keeper 


is wanted, for two Aſſiſtants obſerving the Sun and 
Moon's Altitudes, or the Altitudes of Moon and 
Star, are ſufficient. 


Certainty. 


OF Four Sights 


When four Obſervations are made at the 


ends of equal Intervals of Time, they may be 
phe e as two Pair, each of which has its Me- 
dium; and therefore, the Half Sum of theſe two 


Mediums gives nearly the Truth. But, it is eaſier 


to add together the four Sights and divide the 
Sum by four. This Caſe admits of Examination; 
the Half Sum of any two, will nearly agree with 


the Truth. Hence, a conſiderable Error in either 


of the four Sights may often be detected by Inſpec- 6 
= Then, the Medium of the whole, and 1 its 
* | Subſtitution. gives the Truth nearly. 


TE 


tion. 


07 Five Sights. - 


4 8. When five Sights are taken, at the ends of 
Wo 1 equal Intervals of Time, the Half Sum of the Ex- 
tremes, the Half Sum of the ſecond and fourth, 
and the Middle Sight, theſe ſhould nearly agree; 
then, a third Part of their Sum is the T ruth 1 near- 


ly. Or otherwiſe; take the Half Sum of the firſt 


and ſecond, 


Half . Sun! 1s the Truth . 1 
07 Six Sights. : 


9. When Six Sights are taken at the ends of 
equal Intervals of Time, there will be four under 


the forementioned circumſtances of that number; 


i, 
þ 
| 
f 


with two additional ones for the Extremes, which 
are to be fronted as other Extremes. 


Of Seven Sights. 
10. When ſeven Sights are taken at equal In- 


{mediate ones. 


To young Practitioners, or 
others who would be exact and can obſerve expert- 


| punged, better ones put in their ſtead, 
ly, a Watch wall ſhew the ſuppoſed Intervals with 


| the Half Sum of the fourth and fifth, 
add theſe together and take their Half Sum, this 
} ſhould agree with the Middle Sight, it it doth 
not, add it and the Middle Sight . _ 


ſeveral perceptible Errors, 


CORRECTIONS FOR ERRORS. 


Of Eight, Nine, Ten, Sights. 


11. When eight Sights, there will be two Ex- 
tremes with ſix intermediates. When nine Sights, 
two Extremes with ſeven intermediates. When 
ten Sights, two Extremes with eight interme- 
diates. 

12. Conſequently, when any Number of ſuch 
Sights have been taken at the ends of equal Inter- 
vals of Lime, by comparing a few of them toge- 
ther after the foregoing manner, it will readily 
appear what their Common Difference is nearly, 
and from this the moſt erroneous ones may be ex- 
and a 
nearer Approach made thereby to the Truth. 

13. Hence, all the Sights may be added toge- 


19 


| da ad their Sum divided by the Number of 


Sights, and if the Quotients agree nearly with 
the Middle Term, it is probable there may be no 
great Errors in the Intermediates nor the Ex- 


tremes; but for a farther Correction, the Sights 
neareſt agreeing with this Medium may be re- 


tained, and others not agreeing left out, putting 
this Medium in their ſtead; and then their Sum 
divided by the Number of them, will be a nearer 


| Approach to the 'I'ruth. Farther, 
the Sight between them, when they are taken near 


14. When an Error happens to be in ether. an 


Obſervation or Computation and it can be per- 
ceived, if it is more than the Truth it is common 
ly called plus, but if leſs than the Truth ⁰Es,; 
and all errors do belong to one or the other of 
theſe two kinds, whether they are diſcernible or 
not. 
never be known, and the like may be ſaid of a 
Combination of Errors partly correcting each 


If ſuch an Error is imperceptible, it can 


other ; but, if to ſuch there be added a percep- 


tible Error of the ſame kind whether plus or mi- 
nus, the former imperceptible Error may thereby 
become doubled, trebled, or ſo augmented as to 


become viſible. On the contrary, che addition of 


may ſo correct each 
other, that the Truth may ſtill remain undiſco- 
vered. Such Deceptions, may happen one time 
after ee make che T ruth itſelf remain 


eee ES 
When two or more Funde happen, each of = 


_ may ariſe through Imperfection of the Senſes, 
or the Mind, or 


J udgement, and depending on 
Phyſical Cauſes, which in their forming the mi- 
nuteſt Ideas, may be different in different Perſons ; 

and therefore, in a Combination of Errors, if they 
have ariſen trom the beſt Obſervations that can be 
made, the Truth itſelf may not be diſcovered by 
a Medium, but a Quantity which in all probabi- 
lity differs from it by ſome ſmall aſſignable Diffe- 
rence, but whether that be plus 0 or minus, may 
ever remain uncer tain. | 


— 
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XXXVIII. 
Of Time, as beh. by Clocks and Watches; ber 


at Sea or on Land. 


1. Siderial Time is meaſured by the apparent 
Revolutions of the Fixed Stars; this at all times 


. equable Intervals of Duration. 


Solar Time is meaſured by the apparent Re- 
turns of the Sun to the ſame Meridian; this, 


at all times is unequable, and the intermediate 
Subdiviſions partake of the Unequability. 


3. Mean Solar Time is equable Time through 
the Year, beginning and ending with Solar Time. 


4. The Pendulum Clock, is intended for ſhew- | 


ing the Diviſions of Equable Time, which may 


be either Siderial Time, Mean Solar 88 
any others. = 


. The Watch, whatever be its Sine or what. 
ever Expence attends its Conſtruction, in its moſt 


perfect ſtate, is intended for ſhewing the Equable 
_ Diviſions of Time; but, it is commonly adapted 
for Mean Solar Time. 


6. The Earth's Diarnat Moen: and i its A 


nual Motion round the Sun, eaſure the Periods 5 
of Time and their Subdiviſions as ſhewn by the 
Fixed Stars and the Sun. Theſe Motions have no 
_ ther Inequalities than what ariſe from the Laws 
of Nature; which being known, there can be no 
5 doubt of their Truth and Certainty, _ 


In a Pendulum Clock; if there be 1 


; They or Imperfection in forming the Wheels, any 
Flaw or Defect in the Teeth or Pinions; if the Oil 
is rancid with which they are touched, or what is 
worſe, become thick with Friction; if the Weight 
be not rightly proportioned ; or if there be not the 
moſt perfect proviſion for the Effects of Heat and 
Cold on the Pendulum; if there be any Shake in 
the Pendulum, or if the Caſe be not fixed firmly 
as to a Block of Stone; if the Changes in the 
Atmoſphere cauſe any Alteration in the Motion of 
the Pendulum; if the Dial Plate be not accurately 
divided, or there be any Shake in the Indexes; 
from any of theſe Cauſes and others that might 
be named, Errors may ariſe, and it is not — to 


determine to what they may amount. 
8. In the Watch, Errors may 98 from: many 


5 of the en eee circumſtances and beſides 


from the following Cauſes, If there be any Ine- 


quality of Denſity, Elaſticity or Coheſion in the 
Parts of the Main or the Pendulum Springs, any 
Flaw whereby they become apt to ſnap, bend or 
yield unexpectedly; if the Teeth or Pinions are 


imperfect, or if Duſt, moiſt or corroſive Air gets 


between them; if the Pivots or their Holes be 
clogged; if the Kirb of the Pendulum Spring be 


imperfect, or the Motion varies under different 


Poſitions; if there happens a Shock, Stroke or 
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Fall, a Strain in winding up, or it be forgot: 
after ſuch Accidents and others that may happen, 
the Machine may not only ſhew, erroneous I ime; 


but, when it ſtops, all Time kept thereby 1 is loſt 
and irretrievable. 


g. The Motions of the Celeſtial Bodies are the 


adequate Meaſures of Time, and every Inſtant, 
their Poſitions are adequate Expreſſions for the 
preſent Inftant of Time. Their Poſitions can be 
taken frequently, and the preſent Inſtant of Time 
truly found by them, whether it reſpects the Place 
of the 2 or other Places on the Earth or Sea. 


5 XXXIX. . 
M the Moon's Place in the Heavens, as taken at Sea. 


1. The Moon's Place in the Heavens is her Si- 
onde in the Zodiac both in Longitude and La- 
titude at any Inſtant of Time. At the ſame In- 
ſtant ſhe has a certain Diſtance in the Arch of a 
Great Circle of the Heavens from the neareſt Zoo- 
diacal Stars, but is continually receding from ſome 1 


__ approaching toward others. 


The Angular Diſtance of Sun and Moon in 4 
he Day and of Moon and Zodiacal Stars in the + 


Night, is taken by Hadley's Sextant ; this is per- 


formed by bringing the Image of the Sun's neareſt 1 


Limb to the neareſt Limb of the Moon, in the 


moſt care and attention ſhould be employed, and 


Time, or leſs or more; but, if Clouds or any 


other Cauſe ſhould obſtruct this Regularity, the 
additional Interval ſhould be noted as twice, thrice, 
or more or leſs than the common Interval, and 7H 
conſidered accordingly. * 
4. When any Number of ſuch Sights have . 1. 
tal h they ſhould be carefully corrected by the 
Rules which have been given, and the Medium of 
the whole will be the obſerved Diſtance for the # 
Mean Time or Interval of the Obſervations. If 
the Obſervations are divided into two or more 
Parts, the Mediums of each will be for the Me- 
diums of the correſpondents Intervals of Time. 
5. By the obſerved Diſtance of the Limbs, pro- 


ceed to find the true Diſtance of Centres, and 


compare it with any correct Prediction; then, the } 
Prediction gives the Solar Time for its Meri- 


Day Obſervation ; and that enlightened Limb of 
the Moon, to the Zodiacal Star 1 in the Night Ob- 3 
ſervation. 1 
3. In taking either of theſe Diftances,. the ut- 5 


in order to be the more exact, they ſhould be taken | f 
as nearly at equal Intervals of Time as poſſible. 
That Interval may be from one to two Minutes of 


dian when ſuch true Diſtance would happen, and 7 


that is hereby known at the Place of Obſervation, | 
although the two Places are far remote from each 7 4 


other. 


6. A 


V 
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PLANE TRIANGLES. 
6. A good Obſerver with a good Sextant, may 


take and write down ſeparately, five Diſtances of 
= Sun and Moon's Limbs in five Minutes of Time; 
but, if five Diſtances be taken in ten Minutes of 
Time, it will not be too long. When the Inter- 
2 vals are longer, it will be beſt to compute, either 
7 ſeparately or for ſmall intermediate Intervals, be- 
cauſe the Altitudes correſponding with them will 
1 give Reſults nearer the Truth. 


XL. 


'F The drineital Definitions and Theorems of Plane Tri- 


gonometry; as printed i in the Author's Tr nave on 
| Legarithms. 


I. In a Right-angled Plane Triangle, the long- 
eediſt Side is the Hypothenuſe, the ſhorteſt Side the 
- Perpendicular, the other Side the Baſe. _ 
21. In any other Plane Triangle, the longeſt Side 
"2 is the Baſe, the other Sides are the two Legs. 
The Perpendicular falls from the greateſt Angle 
2 _» perpendicularly on the Baſe, dividing it into its 

greater and leſſer Segments. 
the Difference of the Segments. 


The Altern Baſe i is 


3. In a Right-angled Plane Triangle ; the — 


= the Centre of a Circle. 


' 4+ In all Plane Triangles, the Sides a are in Di- 
8 rect Proportionality to each Joe: as the Sines of 
their oppoſite Angle. 

5 In all Plane Triangles, one of the Angles 
being ſubtracted from One hundred and eighty 
Wo Degrees, leaves the Sum of the other Angles, and 
R half this 1s their Half Sum ; conſequently, Yo. 


6. The two leſſer Angles of a Right-angled 


Y Plane Triangle, are Complements to each other, 
7. In all Plane Triangles ; as Half the Sum of 


two Sides, is to Half their Difference, fo is the 


| + gives the greater Angle, and ſubtracted from the 


Definitiine a 7 heorems of Spherical T rigonomezry ; 3 


4 Half Sum leaves the leſſer Angie. 


8. In any Plane Triangle ; as Half the Baſe i is 


15 to Half the Sum of the Legs, ſo is Half the Dif- 
ference of the Legs to Half the Altern Baſe. 


Half tue Altern Baſe added to Half the Baſe, 


gives the greater Segment; and ſubtracted gives 
2 the Apex: Segment. | 


XLI. 


as Printed in the Author's Treatiſe on Logarithmus. 
1. In a Right-angled Spherical Triangle; the 


Sum of the Legs; 
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longeſt Side is the Hypothenuſe, the ſhorteſt Side 
the Perpendicular, the other Side the Baſe. 

2. In any other Spherical Triangle; the long- 
eſt Side is the Baſe, the other Sides are the two 
Legs. The Perpendicular falls from the greateſt 


Angle perpendicularly on the Baſe, dividing it 


into its greater and leſſer Segments. The Altern 
Baſe is the Difference of the Segments. 
3. In a Right-angled Spherical Triangle, the 


Right Angle is rejected as Nothing; then, the 


Complement of the Hypothenuſe, the Complement 


of the Angle at the Baſe, the Complement of the 
Angle at the Perpendicular, the Baſe, and the 


. Perpendicular ; theſe make the Five Circular 
Parts. 


4. The Log. Sine of a Middle Part added to 
Index Ten, makes the Sum of the Log. Tangents 


of the two next adjoining Circular Parts; alſo, 
it makes the Sum of the Log. Co- ſines of the two 
Circular Parts which are not next adjoining. 


In all Spherical Triangles; the Sines of the 
sides are in Direct Proportionality to each other, 


as the Sines of their oppoſite Angles. 


6. In all Spherical Triangles; as the Co- fine 


1 of Half the Sum of two Sides, is to the Co- ſine 
— pothenuſe, Baſe and Perpendicular, are to each 
bother reſpectively, as the Radius, Sine, Co-ſine, 
> 7 Tangent or Secant reſpectively, which they repre- 
ſent when any one of the Angular Points f 1s made 5 


of Half their Difference, ſo is the Co-tangent of 


Half the included Angle, to the Tangent of Half © - 
the Sum of the oppoſite Angles, 


And, 
As the Tangent of Half the Sum of the mw. 


- Sides ! is to the Tangent of Half their Difference; 
ſo is the Tangent of Half the Sum of the oppoſite : 
Angles, to the Tangent of Half their Difference. 


The Half Difference added to the Halt Sum, 


„gives the greater Angle oppoſite to the greater 
Side; and ſubtracted, leaves the leſſer Angle op- 
poſite to the leſſer Side. 


7. In any Spherical Triangle ; as 40 Taagent : 


of Half the Baſe, is to the Tangent of Halt the 
ſo is the Tangent of Half the 
Difference of the Legs, to the Tangent of Half OY 
4 the Altern Baſe. | 
1 |} Tangent of Half the Sum of their oppoſite An- 
27 gles, to the Tangent of Half the Difference of 
thoſe Angles. 
The Half Difference added to the Half Sum, . 


Half the Altern Baſe, added to Half the Baſe, | 
gives the greater Segment; and ede, gives 


the leſſer Segment. 
8. In any Spherical Triangle, whoſe three 
g sides are given to find an Angle; . 


Add together the r . 


5 che two Sides including the required Angle, the 


Log. Sine of Half the Sum of the three Sides, the 


Log. Sine of the Difference between the Half Sum 
and the Side oppoſite to the Angle ſought ; 
the Sum of theſe four Logarithms is the Co-ſine 


Half 


of an Arch, which Arch being doubled i 15 the An- 

vie wepre — 
9. In any Spherical Triangle, whoſe three Sides 

are given to find an Angle ; 


Take Half the Difference of * Sides including 
the Angle ſouglit, add it to Half the Side oppo- 
G | | 


lite 
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fite to the Angle ſought, and call it the Sum, 
Subtract this Half Difference from the Side oppo- 
ſite to the Angle ſought, and call it the Re- 
mainder. 

Add together the Complements- arithmetical of 
the Sides including the Angle ſought, the Log. 
Sines of the Sum and Remainder ; take Half the 
Sum of theſe four Logarithms, and it is the Log. 


Sine of an Arch, which Arch being doubled is the 


Angle ſought. 


| 10. In any Spherical Triangle, whoſe Sides are 
given to find an Angle, 


including the Angle fought, and the Half Sum of 
the three ſides, and call them the two Remainders. 


Add together the Complements-arithmetical of 


| the containing Sides, and the Log. Sines of the 


two Remainders, Half the Sum of theſe four Lo- 


garithms is the Log. Sine of an Arch, which Arch 
: . doubled, is the N * 


XII. 


of he apparent Sy 1 of 81 2 Celeſtial 
Boes; in in Os a and Parallet 


| Spheres. 


1. Wherever a Ne is on the qurface of the 


to move round him or the Earth's Axis produced, 


ina little more or leſs than a Day, and according to 
; the Directions in which they appear to move du- 


ring that Interval, the Sphere of the Celeſtial Ro- 


tation is ſaid to be Behar: Right, Oblique, - or 


Parallel. 
2. When a Perſon is at the Earth's EquinoRtial 


: Line, the parts of the Celeſtial Equator, appear 


to aſcend perpendicularly to the Zenith, and to 
deſcend perpendicularly from the Zenith to the 


| Horizon; directly fiom Eaſt toward the Weſt, 


"This i is called the Right Sphere. Hence, 


3. In the Right Sphere, the Celeſtial Poles are : 


in the Horizon, north and ſouth, the Zenith is 


RR... Celeſtial Equator, and wherever a Celeſtial 
Body is in the Heavens, it becomes viſible at 
ſome time or other, during the Earth's diurnal | 

5 Rotation, if the Horizon is unincumbered. 
: "0 I .me Right Sphere, the Celeſtial Bodies 
5 which have Declination, apparently deſcribe Se- 
micircles above the Horizon which are leſs than 


the Celeſtial Equator; and a Spectator on the 


Earth or Sea, perceives their Semidiurnal Arcs as Leſſer Circles in the Sphere; and the ſemidiurnal g ö | 


he would the Semicircular Baſe of a Cone, his 
Eye being at its Vertex. 


8. - The places on Land and at + ea. through 
which the Equinoctial Line paſſeth, are part of 


Africa, the Indian Ocean, the Iſlands Sumatra, 
Borneo and Celebes, the Pacific Ocean or Great 


Equinoctial. 


Elevations are, extend from near the EquinoCtial _ 
Line on the Earth, to near the Earth's north and _ 
| - Earth or Sea, the Celeſtial Bodies appear either Jouth Poles, therefore they are numerous and of W | 
” great extent. | 1 
8. In the Oblique "REY, hs Night, the Stars a 
which are not more remote from the elevated Pole 
than the Latitude of the place, will become cir- _ 
cumpolar Stars, and therefore they never riſe nor _ 
ſet, but are conſtantly above the Horizon. This ſug- | 
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South Sea, the north part of Peru and Amazonia 
in South America, the ſouth part of the Atlantic 
Ocean and the north part of the Ethiopic Ocean. 

'The Lands in thoſe parts are inhabited chiefly by 


barbarous Nations, who have but little knowledge 


of Aſtronomy ; the Oceans and Seas are frequently 
navigated by Europeans. 


6. Seeing that by a Deception of the Sight, 


Objects near the Horizon ſeem to be more remote 
from each other than when they are near the Ze- _ 


nith and ſeen under equal angular Diſtances ; it 


Diſtance of the Tropics appears to the Sight 


greater than the ſame Diſtance overhead from 


north to ſouth of the Zenith, and that thereby 


they otherwiſe would; 
Practice of Nautical Astronomy. 


7: In the Oblique Sphere, the Celeſtial Pole 


elevated above the Horizon, has a great variety 


of Poſitions, from the leaſt to the greateſt Eleva- 


tion, both for the north and ſouth parts from the 
The Lands and Seas where thoſe 


geſts a very eaſy method of finding nearly the place 


of the Pole itſelf by them; for, if their Poſitions 
on a Chart of them be compared with their appa- 

rent Poſitions in the Heavens at any time, the 
| place of the Pole itſelf may be nearly judged of. 


9. In the Oblique Sphere, the ſemidiurnal Arcs. 


of the Stars which Riſe and Set, will not be Semi- 

ht Sphere, except the Stars 
uator ; but, the ſemidiurnal | 
Ares of Stars that are under the Horizon a ſinal! 
time, will be almoſt whole Leſſer Circles of the _ 
Sphere; and the Arcs of Stars that are under the 
| Horizon almoſt the whole day, will be ſmall part? 
of Leſſer Circles of the Sphere, but the Arcs of | | 
_ thoſe between the Celeſtial Equator and the ele- 


circles as in the Ri 
be in the Celeſtial 


follows, that in the Right Sphere the Horizontal 3 
Lake the Difference between each of the Sides 


the ſemidiurnal Ares of the Celeſtial Bodies be- l 
tween the Tropics, do appear to Spectators there, 
nearer to a Verticality thr ough this Deception than 


this is an Advantage in the | # 


» * » = 3 = 
4 3 
* eee 5 


vated Pole, will be greater than Semicircles of 


Arcs of thoſe between the Equator and the de- 


from the various Poſitions and angular Diſtances 


of the Celeſtial Bodies will be very nt when F 


ome 7 


preſſed Pole, will be leſs than Semicircles of Leſ- 1 
fer Circles in the Sphere. © 


10. In the Oblique Sphere, Deceptians aiding. | = | 
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ſome are near the Horizon and others toward the 
Zenith, on account of their oblique apparent 


Motions 5 theſe and other circumſtances tending _ 
to deceive the Judgment, ſhould be carefully at- 


tended to previous to the taking of their altitudes 


or angular Diftances, in which all ſuch Deceptions 


vanifh and amount to no Quantity. 

11. Could a perſon be fituated at either of the 
Earth's Poles, the Celeſtial Bodies would appa- 
rently move round him parallel to the Horizon ; 
therefore, this is {aid to be a Parallel Sphere. 
12. Before an Obſerver can be duly ſituated for 
the Parallel Sphere, he muſt either travel or be 
navigated through places near the polar Regions, 
which may have been frozen ever ſince the Crea- 
tion, and where no human Beings have hitherto 
choſen to inhabit. 
would be very difficult to return to any known part 
of the World with certainty ; as, at the Earth's 
north Pole every Point of the Compa's is South, 
and at the Earth's fouth Pole every Point of the 
Compaſs is North, and a ſmall Error in the Courſe 


might lead to places of Deſolation or Deſtruction. 


13. At either of the Earth's Poles, the ſlow 
apparent increaſe or decreaſe of the Sun and even 
of the Moon, in Altitude during every Day, would 
render almoſt all Obſervations of the Altitudes in- 


effeQual for aſtronomical purpoſes, and Altitudes 
of both Primary Planets and Fixed Stars, would 
be leſs applicable; fo that (without mentioning 
Other circumſtances) thoſe places ſeem to have been 
r the laſt on the Earth and Seas, deſigned to be 


xn. © 


Ft Of the Five Zones, and the Poſitions which the 


Celeſtial Bodies appear to have in them, at dif- 


1 15 ferent times of the Day and Night, throughout the 


'* 1, The Zones are particular parts or portions _ 
of the Earth and Seas, from Pole to Pole; and 

i | have their names according to the Tropics and 
7 Polar Circles of the Heavens, when ſtraight Lines 


the Earth's Centre. Hence, _ 


2. The Torrid Zone, is that part of the Earth 


the Earth's Globe ; therefore, this Zone is Forty- 
{ix Degrees and Fifty-ſix Minutes in Breadth, and 
has the Equinoctial Line in its middle, paſſing 


round the Earth. To all parts of this Zone, the 
- Bun zs at ſometime or other in the Year, vertical; 
ſio likewiſe are the Moon and ſome of the Planets, 

L beſides which, theſe ſometimes come more north 


or ſouth toward the elevated Pole, according to 
their reſpective Latitudes, when their Nodes 


From ſuch a Situation, it 


| Hence, EE 5s TEE. . | | 3 
6. As the Temperate and Torrid Zones, are 
moſt inhabited and much navigated, racy 
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happen to be near the Equinoctial Points Aries 
or Libra. | | 

3- The North Frigid Zone is the Surface on 
Land or Waters contained within Twenty-three 
Degrees and twenty-eight Minutes of the Earth's 


north Pole; the South Frigid Zone, is that 


contained within the like diſtance from the Earth's 


ſouth Pole. To theſe parts, there are greater 
varieties in the Poſitions of the Celeſtial Bodies, 


than at the Poles. | 


4̃. The North Temperate Zone, is that part of 


the Earth and Seas which 1s contained between 


the Torrid Zone and the North Frigid Zone. 


The South Temperate Zone 1s that part of the 
Earth and Seas, which is between the Torrid 
Zone and the South Frigid Zone. 


5. The Temperate Zones admit the greateſt 


varieties in the Poſitions of the Celeſtial Bodies, 
and near the Bounds of the Zodiac, they ſome- 


times apparently approach nearer to the elevated 
Pole than the Zenith itſelf. In theſe Zones, 


ſome Fixed Stars never riſe, others never ſet, 


others riſe and ſet ; here the Sun is always appa- 
rently ſeparating from the Fixed Stars, daily from 
Weſt toward Eaſt according to the Poſition of the 


Ecliptic and the order of the Zodiacal Signs; 


the Moon is daily ſeparating with a much greater 


apparent daily difference, ſomewhat near the ſame _ 


Path; the Primary Planets are near the ſame 
Path in the Heavens, but with this difference, 
they are either Stationary, Direct, or Retrograde 
in their Motions, according to their places in their 
Orbits and their Poſitions to the Earth in its Orbit. 


are 
parts of the Earth and Seas, where the Celeſtial 
Luminaries appear advantageouſly for obſerving _ 
them, and applying ſuch Obſervations toward the 
Improvement of Geography and Navigation. 


„ 


/ Heliocentric, Geocentric and Apparent Places, SE 
de Heavens; for the Sun, the Primary Planets 
are drawn toward their Bounds and Extents, from f.. 


and Fixed Stars. 


1. The Angular Diſtance of the Earth's Cen- = 
8 | tre from the Beginning of the Earth's Orbit, is 
and Seas, contained between the two Tropics on 


the Earth's Heliocentrie Longitude ; ſuppoſing it 
to begin at the beginning of the Sign Libra, when 
the Sun's Centre (as ſeen from the Earth) is ap- 
parently at the beginning of the Sign Aries. 
2. The Heliocentric Longitudes of Mercury, 
Venus, Mars, Jupiter and Saturn, are reckoned 
on the Earth's Orbit, like thoſe of the Earth; but, 
their Heliocentric Latitudes are their angular Di- 
ſtances perpendicularly northward or. fouthward 
from the Plane of the Earth's Orbit. 


be eſtimated. 
„ 8.  TH$ Mean Motion of Sound i in Time i is 
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3. Could an Obſerver be at the common Cen- 
tre of Gravity in the Solar Syſtem, and perceive 
the reſpective periodic Revolutions round that Cen- 


tre, all the Motions would appear irregular AC= 
cording to the Compoſitions of the Laws direCting 


them. But, 

. Could an Obſerver be at the Surface of the 
Sun: ſuch Parallaxes would ariſe, as muſt natu- 
rally ariſe from the Sun's Semidiameter and the 
Diſtance of the Sun's Centre from the common 
Centre of Gravity. 


g. Could an Obſerver be at the Earth's Centre, 5 
: the Order and Regularity of the Appearance at 
the common Centre of Gravity would be loſt, and 
Inſtead thereof a multitude of Poſitions ariſe among ft 
the Celeſtial Bodies, not to be accounted for by 
any other than Reductions to the Heliocentric Re- 
volutions, in their reſpective Periodic Times. 


6. When an Obſerver is ſituated on or near the 


Surface of the Earth or Sea (where he muſt be) 


he applies Inſtruments which are frequently defec- 


tive; he views through an Atmoſphere, the qua- 
lities of which are not always eaſily to be known; 
Parallaxes of various kinds, often belong to the 
problem which is to be ſolved; and many other 
Tircumſtances there are, which muſt be judged of, 
_ Otherwiſe the Concluſion may be in ſome meaſure 

A erroneous. 9 


xXLV. 8 


: of the Motion of Lirke: and houp it 22 Fi ad da | 


rent Places of the Celeftial Bodies; and of: the 
Motion of Sound. 


I. The Motion of Light, | 1s if ſwift, chat it is 
= impoſſible to eſtimate it for ſhort Diſtances ; never- 
theleſs, by applying mathematical Calculations 
and aſtronomical Obſervations, the rapid Velocity 
He eavens yy 


with which Light 1 moves through the 


5 in one Second, 40⁰ yards. 
in two Seconds, 800 yards. 
in three Seconds, 1200 yards. 
in four Seconds, 1600 yards. 
in four Seconds and half, a Mile. 3 
2. The Motion of Light through the Heavens, 


is Seven hundred and ſeventy thouſand times 
ſwifter than the Motion of Sound. Therefore, 
the Motion of Light is ſaid to be inſtantaneous, 
for all Diſtances on the Earth and Seas. 
4. If the Motion of Light was indefinitely 
greater than it is, or inſtantaneous, it would then 
come from the Sun and Fixed Stars, inftanta- 
neouſly without any Interval; but otherwiſe, 
whilſt the Earth is in Motion, and changing its 
| Poſition to the Sun and Stars, theſe latter appear 
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TRIANGLES. 
thereby a little altered ; this is called the Effet 
of the Aberration of Light; and never ſhews the 
Celeſtial Body more than a third part of a Minute 
of a Degree diſtant from its true place in the 
Heavens. 

Beſides the Receſſion of the Equinoctial 
Points, the Earth's Axis has another ſmall wam- 
bling Motion, called its Nutation; whereby it 
never ſhews the Celeſtial Bodies more than Nine 
Seconds of a Degree diſtant from their true Places. 


6. Both the Aberration and Nutation, are ne- 


ceflary to be allowed for, in determining the cor- 
rect places of the Fixed Stars, to the greateſt Ac- 


curacy for any time of the Vear; otherwiſe, the 
moſt accurate Inſtruments and Obſervations may 


ſhey 885 {mail changes 1 in their Places. 


XL VI. 


Of Tr: angles on the Earth and Seas, ad: in obs jd 
Heavens; 28888 in the Diſco ver of the Lon- 3 


2 at Sea. 


. The Angle of a Spherical Triangle near the 
P Point, may be conſidered as a Plane Tri- 
angle and treated as ſuch, when the Sides are 
very ſmall, becauſe ſuch little Triangles are 
formed on a ſmall ſpherical Surface which differs | 
but little from a plane Surface. | 
2. When two Sides of a Spherical Triangle a are 
very long, and the third Side is very ſhort; the 


whole Triangle will be formed on a 8 pherical "0M 


face, which differs but little from a Plane Sur- 
face ; and therefore, both the Sides and Angles 


of ſuch a Triangle may be treated as thoſe of a 


Plane Triangle, often without ſenſible Error. 
3. Such Triangles are numerous on the Earth 
and Seas, on the Concavity of the Heavens, and 
amongſt the Heliocentric, Geocentric and Appa- 


rent Poſitions of the Sun, Primary Planets, Moon ne 
= _ Fixed Stars. W\ 
4. In Praftical Navigation ſuch Angles and 
Sides form the Courſes. and Diſtances ſailed. In 
Aſtronomy they form the Angles and Sides of 
ſmall Triangles ariſing from Refraction and Pa- 
frrlallax. In the Lunar Method of finding the Lon- 
gitude at Sea, they ſhew the Differences between 
Refraction and Parallax at the Sun and Moon's 
Libs, and | want it 15 at the Centres. | 


XLVII. 


1 0 7 Spherical and Plane Triangle , formed on the 


Surface of the Earth and Fw, in Nerts and South 
Latitude. | 


1. When two ple are hoth of — in en i q 
| as ſouth Latitude, the two Co-latitudes and their 


Diſtance reſpectively, will be the three Sides of a 


— Triangle, The Angle oppoſite to their 
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and certainty, 


- ANGLES. 


Diſtance will be their Difference of Longitude, 


and each of the other Angles will be the Bearing 
of the other Place, with reſpect to the point under 


the elevated Pole, whether it be north or ſouth 


Latitude. | | 
2. When two Places are one of them in north 


and the other in ſouth Latitude, the Latitude of 


one of them added to Ninety Degrees gives one 
Side, and the Latitude of the other taken from 
Ninety Degrees gives another Side, and their 


other Angles, will be the reſpective Bearings of the 
two Places, with the point under the elevated Pole. 
3. When three Places are ſituated on the Surface 


of the Earth or Sea, and the Arch of (nearly) a 
great Circle expreſſeth the Diſtance of any two of 


them, the Bearing of any two of them with reſpect 
to the third, will be expreſſed by a Spheric Angle, 
the angular Point being at the third Place ; and 


the Differences of their Longitudes will be formed 
by Angles at the Poles, oppolite to the reſpective 
Sides. Thus for any number of Places, however 
ſituated out of the Equinoctial and from the Poles. 
4. When ſuch Diſtances become tmall, the part 
of the Earth or Seas on which the Triangles are 
formed, differ but little from a Plane Surface, and 


conſequently the Angles then become inſenſibly 
different from Plane Angles. 3 


5. In Figure 15. Let a, 6, c, be three Objects 
on Land near a Sea Coaſt, 4 the place of a Ship 
at Sea in Sight of all three of thoſe Objects; ads 

and EEA two angles taken with Hadley's Octant, 
Sextant, or any other Inſtrument, and ſuppoſe the 


Obſerver at 4 provided with a Chart of the Coaft 
in which the three Places are ſhewn according to 


7] their true Diſtances from each other. Then, 


6. Join ac; make the Angle ace equal to the 
angle adb6; make the angle cae equal to the 
angle c; and by the point of meeting e join a e 


and ce. Bring the three Points a, e, c into one 
Circumference, and through the points & ande 
. 7 | produce a Right Line to that Circumference at 4; . 
ſo is 4 the place of the ſhip, in its due poſition to V 
1 . | e / Corrections for the Deviation of Gravity, from a 
Direction toward the Centre of the Earth. 


7. If the three Objects are in a ſtraight Line, 


the ſame method of Solution may be applied; and 


the like if the Coaſt happens to be convex inſtead 


ol concave toward the Sea; therefore, this method 


may be readily applied in many Caſes with Eaſe 
. 


5 Of the correct Altitudes of Sun and Moon 5 Points of 


Contact, in taking the Sun's Altitude, the Moon's 
Altitude, and angular Diſtance of Sun and Moon's 
Limbs. | FFF 


1. It has been ſhewn in Section 30. how to cor- 


Moon's Centre. 


ANGLES. 25 


rect this Error for general uſe, by judging nearly 
of the additional or ſubductive Minutes of Altitude 
from the apparent Poſition of the Point of Contact; 
but, when greater Accuracy is neceſſary the Truth 


itſelf may be had by the following Rule. See Fi- 


gure g. 3 5 
2. f. To the obſerved Altitude of the Sun's 
lower Limb add his Semidiameter (after having 
ſubtracted the Dip of Horizon, ) the Sum is the ob- 


ſerved Altitude of the Sun's Centre. 
Diſtance will be the third Side of a Spherical Tri- 

angle. The Angle oppoſite to the Diſtance will 
be the Difference of Longitude ; and the two 


24. Ta the obſerved Altitude of the Moon's 
lower Limb add the Semidiameter, or if the Alti- 
tude of the upper Limb is taken, ſubtract that 
Semidiameter (after having ſubtracted the Dip of 
Horizon) this gives the obſerved Altitude of the 


* 
* 


34. To the obſerved Diſtance of the Limbs, 


add the Sun and Moon's Semidiameters, the Sum 


is the obſerved Diſtance of their Centres. 45. 
Having the Co- altitude of the Sun's Centre, 
the Co- altitude of the Moon's Centre, and ob- 


ſerved Diſtance of the Centres, get the Spherical 


Angle at the Sun's Centre and the Spherical An- 
gle at the Moon's Centre, and conſider each of 


them as Plane Angles. 5h. With theſe Plane - 
Angles and the Sun and Moon's Semidiameters, 


proceed (as is directed in Section 30) to find the 


Points either above or below the Centres, for which 
the effects of Refraction and Parallax in Altitude are 
to be allowed, and compute them for thoſe Al- 

titudes and the obſerved Diſtance of the Limbs, _ 
and they will be thereby cleared from thoſe Errors. 


3. The reaſon why this Rule ſhould be applied, 


in order to get the true Effects of Refraction and 
Parallax, is evident from the Figure itlelf ; but, 
as It may be thought too tedious for general ule, 


the Practical Method before mentioned may be 
uſed in its ſtead. However, when particular 


Accuracy is required, it will be of ſervice, and 


at all times will ſhew the Errors of Refraction and 
Parallax, computed without reducing them to the 
points of Contact in the Sun and Moon's Limbs, 


tor which they are taken. 


1. At any Place between the Equinoctial and 
the Poles, a Right Line drawn as a Tangent to 


the Earth and Sea, north and ſouth, will have its 
Perpendicular meet the Equinoctal Diameter be- 


tween the Equinoctial and the Earth's Centre; 
and being continued upward, will have its Per- 
pendicular directed ſo much nearer toward the 
Celeſtial Equator as the Deviation from a Di- 
rection toward the Earth's Centre. Eee 
2. At any Place between the Equinoctial and 
the 1 a Quadrant of a Great Circle drawn 
BY: Ee | „due 
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due Eaſtward and another drawn due Weſtward, 
will, at equal Diſtances from the given Place, 
have equal Curvature on the Surface of the Earth 
and Sea, 

3. Near the Middle of the Quadrant, between 
the Equinoctial and either of the Earth's Poles, 
the Diviation will be greateſt, and at the ſame 


| diſtances from the Equinoctial as from either of the 
Earth's Poles the Deviation will be nearly the 
fame number of Minutes and Seconds of a Degree. 


4. This Deviation for every Degree of Lati- 
tude on the Earth and Sea, is nearly as follows. 


Latitudes. Deviation. Latitudes. Deviation. 


0. 90 0. 0 23. 67. 13, 89. 
i & 4 24. 66. 14. 26. 
2. 11. 22 "BY. Of. i. 

I. , 8 20, 64. 15. 18. 

4+..86 _- $6.43 © 89» 03+: 15» 43+ 

V £5. 02. . 
8, „ 4 29. CI. 16. 29 
"2 0083 6+ 0 30. 60. 16. 49. 
„% / ou 
e 32, 58. 17. 26 

10. 80 6. 39 33. 57+ 17. 43. 

11.79 77 „ 56. 17. 59- 

„ 8. 32 36. 54. 18. 27 

14. 76 9. 8 37. 33. 18. 38 

IQ. 7 9, 4 38. 52. 18. 48. 

16. 74 10. 19 $9.5. 38. $7 

17. 71 10, 3 19. 3. 

18. 72 11. 26 41. 49. 19. 12 

19. 71 12. 58 42. 48. 19. 17 

20. 70 12. 30 43. 47. 19. 20 
1 6913. 1 44. 46. 19. 22. 
22. 68 13. 31 45, 45. 19. 23. 


The Error in Altitude ariſing from this 
| 0 a and its Reduction to the true Altitude as 
referred to the Earth's Centre, may be corrected 
by this Rule. As Radius, to the Sine of the Ho- 
rizontal Diſtance of the Celeſtial Body from the 
true Meridian; ſo is the number of Seconds of a 

Degree of Deviation (in the above Table, for the 

Latitude of the Place) to the number of . 

: A Correction in Altitude. e 


| E a 


5 T he Names of the principal Spherical Triangles which 


are formed in the Heavens, „ by the Nod Diur- 
nal Motion of the Earth. 


1. Becauſe the Right Sphere happens to none 


but ſuch as are at the Equinoctial Line, and the 
Parallel Sphere to none but ſuch as are at the 


Larth's Poles; the principal Fhænomena of the 


SPHERIC TRIANGLES. 


Heavens, will be in the Oblique Spheres, north 
and ſouth of the Equinoctial; and therefore, theſe 
will be the Phænomena of the principal parts of the 
Torrid and Temperate Lones, and of the habi- 
table World, 


2. In the viſible Hemiſphere of an Oblique _ 


Sphere, the principal Points of the Heavens are, 


the elevated Pole, the Zenith, and the Centres of 
the Sun, Moon, Primary Planets and Fixed Stars, 

or ſuch of them as are above the Horizon. | See | 
Figure, Spherical Triangles. 


3. In the Oblique Sphere, the principal Great 


Semicircles above the Horizon, are thoſe of the 
_ Equator, Meridians, Vertical Circles, Ecliptic, 


and the whole Horizon. | 
4. In the Oblique Sphere, the C Co-latitude, the 


Polar-diſtance, and the Co- altitude of either Sun, 
Moon, Planet or Fixed Star, form the three Sides 


of a Spherical Triangle; the three Angles of which 


are, the Hour-angle or Diſtance from the Meridian 
(oppoſite to the Co-altitude) the Azimuth-angle 
or horizontal Diſtance from the point under the 
elevated Pole (oppoſite to the Polar-diſtance) and 
the Angle at the Celeſtial Body (oppoſite to the 
|  Co-latitude).. This com 
8 angle.” 3 
5. When the Celeſtial Body is is in the Equator, 
the Polar diſtance will be a Quadrant; when the 
Declination and Latitude are alike, the Polar- 
diſtance is leſs than a Quadrant, and when unlike 
it is more than a Quadrant. Hence, the Decli- 
nation is ſubtracted from or added t to a Quadrant, - 
to get the Polar-diftance. 
6. When the Celeſtial Body i is in che Horizon 
and the Latitude and Declination are alike, the 
Latitude, Polar diſtance, and horizontal diſtance 
from the Point under the elevated Pole, make 
three Sides of a Right-angled Spherical Triangle; 
and its Angles are, the Angle at the 8 Bo- 
dy (oppoſite to the Latitude) a Right angle (op- 
poſite to the Polar- diſtance, —4 10 


commonly is an x oblique Tri- 


the 
Riſing or Setting from Midnight (oppoſite to the 


Horizon). This Triangle is compromentas to the { | 
Amplitude Triangle. For, 2 


7. In the Amplitude Triangle, the Amplitude 
or Diſtance from the point of Riſing or Setting to 


the Eaſt or Weſt point of the Horizon, the Decli? 
nation, and the Equatorial Diſtance from the Þ 

_ Eaſt or Weſt points of the Horizon, are three Sides 
of ea Right-angled Spherical Triangle; and its 
Angles are, a Right-angle (oppoſite to the Am- 
plitude) the Co- Ii (oppoſite to the Declin- 


tion) and the Angle at the: Celeſtial Body (oppo- 


fite to the Equatorial Diſtance, or Aſcenſional 
Difference.) 


8. In the Eaſt and Weſt 1 Triangle, ö | 
the Altitude in Ws Prime Vertical or Eaſt 2 11 
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3 SPHERIC TRIANGLES. 

Weſt Azimnth Circle, the Declination, and the 
Equatorial Diſtance from the Eaſt or Weſt point 
of the Horizon, are three Sides of a Right-angled 
Spherical Triangle ; in which the Angles are, a 
© Right-angle (oppoſite to the Altitude) the Lati- 


poſite to the Declination) and the Angle 


9. In the Six of Clock (Hour-circle) Triangle, 


4 
i the Declination, the Altitude or Depreſſion, and 


Arch of the Horizon, are three Sides of a Right- 
angled Spherical Triangle ; in which the Angles 
are, a Right-angle (oppoſite to the Declination) 


the Latitude (oppoſite to the Altitude or Depreſ- 
ſion) and the Angle at the Celeſtial Body (op- 
4 poſite to the Horizon. „ 
10. In theſe and other Spherical Triangles that 
are formed in the Oblique Spheres, the Horizontal 


Parallax of the Sun is ſo ſmall as to affect an Ob- 


ſervation but little more than Half a Second of 
Time, and ſuch accuracy will be but ſeldom (if 
ever) wanted at Sea. The Horizontal Parallaxes 
of the Primary Planets will alſo be ſmall; and the 
HForizontal Parallaxes of the Fixed Stars will be 
nothing; therefore, all theſe may be applied as 
often as they are viſible, due regard being had to 
their Apparent daily Changes in Right Aſcenſion 
and Declination, Nevertheleſs 
- > 11. The Altitudes of theſe and all others of the 
_ Celeſtial Bodies, whether taken on Land or at 
Sea, will be affected with the Deviation from a 
direction toward the Earth's Centre, according to 
their horizontal Diſtances from the Meridian of 
the place of Obſervation, and (although ſome ad- 
+ ditional Computation be neceſſary) ſhould be 
cleared therefrom, to come near the Truth. _ 
12. The Moon's Horizontal Parallax, ſome- 
©: times exceeds a De 
lax in Altitude, and in angular Diſtances from the 
4" Sun, Primary Planets and Fixed Stars, is often 
very conſiderable; this muſt be as accurately al- 
/ lowed and computed for, as the nature of the 
Problem admits. The Analyſis of this Problem 
is in the former Sections, and its Solution may be 
had by the application of the Spherical Triangles 
+ which com 
and of the Plane Triangles which form the ſmall 
Differences ariſing from Refraction Parallax and 
J 


ee, and therefore her Paral- 


e the Parts in their whole Extent, 


IE: 


a Fg Heavens, 
Ey the apparent annual and periodic Revolutions of 
_ the Sun, the Primary Planets and Fixed Stars, 


other parts of the Celeſtial Sphere. 


SPHERIC TRIANGLES. 27 
of the Ecliptic, and Arches of the Celeſtial Me- 
ridians ; their Angles being Arches of Great Cir- 
cles at the diſtance of Ninety Degrees from the 
angular Points reſpectively. 8 

2. The preſent Obliquity of the Ecliptic (or, 
what amounts to the ſame thing, the ſpheric An- 
gle made by the Ecliptic and Equator at the two 
Points Aries and Libra) is very nearly, Twenty- 
three Degrees and twenty-eight Minutes; and, 
by comparing together all the moſt ancient and 
correct Obſervations that have been made (in my 
Treatiſe on Practical Aſtronomy) I have concluded 


that, this Angle is not become leſs than it was 


Two hundred and eighty Years ago, by more than 


24 Minute of a Degree; and that therefore, there 
Is no probability of its Alteration by more than 


that Quantity, for ſo many Years to come. 
3. The Sun's geocentric or apparent Longitude 
in the Ecliptic, is therefore the principal thing to 


be predicted for any determinate time ; this can- 


not be had but by the application of Tables made 


as conformable as poſſible with the moſt accurate 


Obſervations, and the Laws of Gravitation. 
4. In the Spheric Triangle formed by an Arch 
of the Sun's Longitude, his Declination, and 
Right Aſcenſion ; the Obliquity of the Ecliptic 
is oppoſite to the Declination, a Right-angle is 


oppoſite to the Longitude, and the Angle of the 


Sun's Poſition to the Equinoctial Point and the 


Equator, is the third Angle of a Right-angled 


Spherical Triangle. Here, the Longitude is 
reckoned from the neareſt Equinoctial Point, whe- _ 


ther it be Aries or Libra. POE ings ROY 
5. As the foregoing Right-angled Spherical 
Triangles are formed, fo are nearly ſuch Triangles 
formed by the Diſtances of the Primary Planets 
from their reſpective Nodes, their Latitudes either 
north or ſouth from the Ecliptic, and their Longi- 


tudes from their Nodes reſpectively. Here, their 
" reſpective Parallaxes enter into the nicer Pre- 
JJV 
6. The Fixed Stars being numerous and va- 
riouſly ſituated, form Multitudes of both Right-an- 
gled and . Spherical Triangles, with 


themſelves, the Celeſtial Poles, the Zenith, the 
Sun, the Primary Planets, the Moon, and various 


7. The Moon's geocentric Place being always 


at no great Diſtance from the Ecliptic, and its 


Orbit being inclined to the Ecliptic ; the Moon's 


diurnal Receſſion from weſt to eaſt, thereby be- 
comes ſometimes toward Fixed Stars within and 


| at other times without the Zodiac, in her ſwifteſt 
+ apparent diurnal Receſſion; therefore, theſe are 
I. The principal Spherical Triangles ariſing 
from the annual and periodic Revolutions, are 
formed by Arches of the Celeſtial Equator, Arches 


occaſionally applied (when no Stars of the eg. Z 
nitude happen to be near the Moon's Path) in the 
Lunar Method of finding the Longitude WIG<S : 


ae eee, 
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rh Ent 4 fir. which a Die bebe of . Mg 
at Sea is £554 and e in  Praiical 


thi + The chief End and Degen cs 4 Diſcovery 

of the Lon dc at Sea, is to enable Navigators 

to ſhorten long Voyages, or to fail to and return 

FH from Ports and Places far remote from each other, 
| : whoſe Latitudes and Longitudes are known, in 
Fo. _ - the ſhorteſt Time and ſafeſt manner poſſible. = 
2. In the Practice of this Problem after the 
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1 ſary to determine the Latitude and Longitude of 
* the place where the Ship happens to be, but to 


underſtand all other things of a ſcientific kind that 


may be of uſe for avoiding Dangers and bringing 
6 Ship ſafe to her deſired Port. 


. Amongſt. theſe, are the knowledge of par- b 
and other incidents, peculiar to the 
ll - RE alſo, of the Coaſts, 
ws = Iſlands, Rocks, Shoals, Sands, and other Ob. 
3 5 ſtructions, in the Line of the Ship s track, and 


| A Wine 
Oceans and ſeas to be croſſed; 


the beſt Methods of avoiding them, with the 
Courſes from one place to another which make 


culars, to be careful in 
greateſt Advantages, 


5 lead i into ——_— | 


IIII. 


_ at Sea. IR 


_ northward or ſouthward in Degrees, Minutes and 
Seconds. When the Place is north of the Equi- 
noctial, it is in north Latitude; 
of the Equinoctial, in ſouth Latitude. 


8 the number of Degrees, Mingtes and Seconds, 


If both places: Are in north or in 


0 Remainder; 1s their Difference of Latitude. 


ditucle, add- them to ether, and their Sum 1 18 their 
E Latitude. 


: + Ben a perſon looks Gael 
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he! Wmainder to Nineth B grees 35-4] 
oval: Co-altitude or meridional Benth 


| molt advantageous manner, it is not only neceſ- 


the ſhorteſt Voyages; and knowing theſe parti- 
4 ob any, them under the 
atever Obſtructions are 


in the way, or the e that 2 was * North or both South, then ſuhtract the Sun's 


5 T 0 take the ** of a FRE either e on Land « or q 


5 "Bo | The Latitude of a Place is its Diſtance fon | 
the Equinoctial in the arch of a Meridian, either 


but when ſouth | 


_ Half Sum, and the Sine of the Remainder ; - Half! 
2. The Difference of Latitude of two ices is 


Which one MF is more nothward or ſouthward 


ſouth Latimnde, ſubtra& one from the other, the 


| If 
one place is in north and the öther in fouth La- 


8 the Altitude of a Celeſtial Body: in Degrees, | 
and: Minutes, At is its Altitude. northward, and 
| IS: the meri-⸗ 
Diſtance 
Os ous — ä — oy — 
on - 


RULES FOR LATITUDE. 

4 When the Zenith Diſtance and Declination 
; are. both North or both South ; their Difference is 
the Latitude and it is of the fame Name with the 
Declination when the Declination is greater than 

the Zenith Diſtance ; but otherwiſe, the Latitude 
is of a Name contrary to the Declination. 

5. When the Zenith Diſtance and Declination 
are one North and the other South, their Sum is 
the Latitude, and it is of the ſame Name with the 
Declination. 

6, In theſe Caſes, the Altitude 1s luppoſed to 
be taken when the Body is above the Pole, if it 
can have two Altitudes one above and another be- 
low the Pole. It is likewiſe ſuppoſed to have its 

Dip and Refraction ſubtracted, but its Semidiame- 
ter (and parallax in Altitude if it has any) — 
; after wie Wanne is 8 


LIV. 


7˙ tale dale, Time at a Place. hy a an Altitude * 
A 


1. Take two or three Altitudes of che Sun's 
lower Limb, and if they are increaſing, the Sun is 
ſhort of the Meridian; but if they are decreaſing 
it is paſt the Meridian. Correct either of theſe 
Altitudes for Dip, Refraction, Semidiameter and 
No any) Parallax in Altitude. : 
2. If the Latitude and Declination be hack 


| Declination from Ninety Degrees the Remainder 
is the Polar-diſtance. If the Latitude and Decli- F 
nation be one North and the other South, add the | 
Declination to Ninety Degrees, the Sum is the 
Polar- diſtance. N 
3. Add together the dads. he 1 . 
diftaie and Co-altitude, and from Half their | 
Sum ſubtract the Co- altitude to get a Remainder ; | 
then add together, the Co-ar. of the Co-latitude, | 
the Co-ar. of the Polar-diſtance, the Sine of the 


the Sum of theſe, is the Coſine of a number o 
Degrees and Minutes, which being doubled, is} 
the number of Degrees and Minutes of the Equa-] 
tor, which the Sun is then either ſhort of or paſt 
the Meridian for the time of obſervation. 

3. In taking out the Sun's Declination, it muſt 
be for ſomewhat near the Hour of Day or Night 
which it is at that time at the Place for which} 
the Table of 1 is made. This may be 
| known ſeveral ways. 1/. By the Hour at the 
- Place of obſervation and! its imperfe& Longitudes 
24; By an obſerved Diſtance of Sun and Moon 
| compared: with one predicted for another Me- 
xidian. 34. By taking the Magnetic Variation, 
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| RULES FOR TIME. 


LV. 


fo take Solar Time at a Place by an Altitude of a Pri- 
mary Planet, or a Fixed Star. 


1. The Primary Planets, Venus, Mars, Jupiter 
and Saturn, are each of them viſible during a part 
of the Twilight, when above the Horizon, and 
no Clouds, and ſo are the largeſt Fixed Stars; 
at ſuch times and alſo when the Moon illumi- 
nates the Horizon, their Altitudes can frequently 
q be taken. 

s 2. The Declinations of theſe Planets, are 
7 near Truth in the Predictions; thoſe of the Fixed 


Stars are correct, except a Change of near Twenty 


Seconds which may in ſome Caſes ariſe from the 
3 Aberration of Light and Nutation. 


Therefore, 
3. When the Altitude of a Planet or a Star has 


been taken, the Calculation is to be made as be- 
J fore for the Sun, and the Reſult is the Planet or 
Star's Equatorial Diſtance from the OR, 
either paſt or ſhort of it. : 
| 4: From the Beginning of the Equator, com- 


pare together, the Right Aſcenſion of the Sun, 


the Right Aſcenſion of the Planet or Star, and 
the Equatorial Diltance of the Planet or Star from 
the Meridian, accordingly as they are either ad- 
1 ditive or ſubtractive, and they 


} Time either ſhort of or pan rats at the P lace of ing Time. 


4 Obſervation. ENS” 


f 25 find the n 4 the Sun dr 5 a Star or Pla. 


5. When Altitudes of two or more "Planets o or 
from each, and the Medium wall be more exact. 


net; having the Latitude and Declination. 


.- i | 
I. Amplitude is the number of Degrees and 
Minutes 3 the Horizon, which the Deg or a Star e 

riſes or ſets to the northward or ſouthward from 

the true Eaſt or true Weſt; and it is of the ſame 

Name as the Declination, , whether north or 

ſouth. _ 

„ As the Cage of che Latitude to Rats, 

© fois Sine of the Declination, to Sine of the true 

Amplitude. 


Amplitude gives the Variation of . Compaſs 


This compared with the obſerved 


or Magheuc Needle. {22 
LI. 


S T 0 find the Azimuth of the Sun or of a Star or . 5 


having the Latitude and Declination. 


1. Azimuth is the number of Degrees and 


Minutes on the Horizon under the Sun or a Star, 


1 Which i it is from the true North Point of the Ho- 


riꝛzon in north Latitude, and from the true ſouth 
18 Point! in ſouth Latitude. | | 


jupiter, Mars and Venus, from the Sun. 
the Separation of Saturn, Jupiter, Mars and Ve- 
nus, from the Fixed Stars. 8h. By Saturn's Sa- 
tellites. 
Jupiter's Satellites. 117%. By Solar Eclipſes. 
Lunar Eclipſes. 


5 Stars. 


RULES FOR VARTATION. 29 


14 Get the Polar-diſtance as before; ; then, Add 
together the Co-latitude, the Co- altitude and 
Polar-diſtance, and from their Half Sum ſubtract 
the Polar-diſtance to get a Remainder. Then, 
add together, the Co- ar. of the Co-latitude, the 
Co- ar. of the Co- altitude, the Sine of the Half 


Sum and the Sine of the Remainder; Half the 


Sum of theſe, is the Coſine of an Arch, which 
being doubled, is the true Azimuth from the true 
North in north Latitude, and from the true South 
in ſouth Latitude. _ 

3. The true Azimuth . with the ob- 
ſerved Azimuth, gives the Variation of the com- 
paſs, or Magnetic Needle. 


LVIII. 


07 the warious Methods wvhich have been 3 and 


applied; in order to a We of the e 
at Sea, 


. There have been no 171 than Teac: Me- 
FRET propoſed, for finding the Longitudes of 
Places on Land and at Sea; namely, . By 


placing Hulks of Ships at equal Diſtances acrols _ 
the Ocean, from which Signals were to be given 


give the Solar by throwing up Fireworks, and making a great 


Report or Sound. 24 By an Air Glaſs tor keep- 
34. By a Quickſilver Glaſs for the like 


purpoſe. 4th. By the Sun's Separation from the Fixed 


| Fixed Stars can be taken, the Time may be found "ns 


5th. By the Planet Mercury's ſeparating 
from the Sun. 62h. By the Separation of Saturn, 
7th. By 


9th. By the Dipping Needle. 10:4. By 
1275 
13th. By the Moon's Change in 


14th. By the Magnetic Variation. 


155%. By Timekotiers:” 16th. By a Ship's Reckon- 
ing at Sea; and by the Poſitions and Diſtances of 
17th, By the Moon's daily In- 


Places on Land: 


_ creaſe in Right Aſcenſion from the Sun. 18th, 
By the like from the Fixed Stars. 19%. By the 
Moon's angular Diſtance from the Sun. 20%. 


By the Moon's angular Diſtances from the Fixed 
Some have pretended to the Diſcovery of 
a Perpetual Motion, and that ſuch would be af- 


ſiting for the Longitude, without conſidering that 

a conſtant Weight applied to a Machine, with 

either a ſmall Addition or Subduction, as an Allow- 

ance for the Change of Gravity from one place to | 
another, would anſwer the ſame uſe. 

2. Of theſe Twenty Methods, the three firſt have 
been exploded. It is but a few Years ſince 
five large Meteors were ſeen to paſs through the 
Air in the interval of about ten Weeks, one of 


. theſe was obſerved by me and others, at the Diſ- 


I tance 
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RULES FOR TIME. 


EV. 
o take Solar Time at a Place by an Altitude of a Pri- 
mary Planet, orof a Fixed Star. | 
1. The Primary Planets, Venus, Mars, Jupiter 


and Saturn, are each of them viſible during a part 


of the Twilight, when above the Horizon, and 


no Clouds, and fo are the largeſt Fixed Stars; 


at fuch times and alſo when the Moon illumi- 


nates the Horizon, their Altitudes can frequently 
be taken. 5 


2. The Declinations of theſe Planets, are 


near Truth in the Predictions; thoſe of the Fixed 


Stars are correct, except a Change of near Twenty 


Seconds which may in ſome Caſes ariſe from the 


Aberration of Light and Nutation. Therefore, 


3. When the Altitude of a Planet or a Star has = . | 1 
O the various Methods which have been propoſed and 


been taken, the Calculation is to be made as be- 
fore for the Sun, and the Reſult is the Planet or 


Star's Equatorial Diſtance from the Meridian, 


either 5 or ſhort of it. „„ 
4: From the Beginning of the Equator, com- 


ditive or ſubtractive, and they give the Solar 


Obſervation. - 


5. When Altitudes of two or more Planets or 


To find the Amplitude of the Sun tr of a Star or Pla- 
net; having the Latitude and Declination, 


1. Amplitude is the number of Degrees and 


Minutes on the Horizon, which the Sun or a Star 
riſes or ſets to the northward or ſouthward from 


the true Eaſt or true Weſt; and it is of the ſame 


Name as the Declination, whether north or _ creaſe in Right Aſcenſion from the Sun. 18th. 


By the like from the Fixed Stars. 1975. By the 


—_ 


2. As the Coſine of the Latitude to Radius, 
ſo is Sine of the Declination, to Sine of the true 


Amplitude. This compared with the obſerved 


or Magnetic Needle. 5 
To find the Azimuth of the Sun or of a Star or Planet; 
having the Latitude and Declination, 


which it is from the true North Point of the Ho- 


IF Point in ſouth Latitude. 


Wes + 
255 
1 * 
$24 


paſs, or Magnetic Needle. 


I pare together, the Right Aſcenſion of the Sun, 
IX the Right Aſcenſion of the Planet or Star, and 
che Equatorial Piſtance of the Planet or Star from 

the Meridian, accordingly as they are either ad- by throwing up Fireworks, and making a great 

bor or e or” Pall eee * of ing Time. 3d. By a Quickſilver Glaſs for the like 


Fixed Stars can be taken, the Time may be found "Stars, 


= 1 33 gund from the Sun. 67%. By the Separation of Saturn, 
Y from each, and e will be more exact. Jupiter, Mars and Venus, from the Sun. 7th. By 
| the Separation of Saturn, Jupiter, Mars and Ve- 


nus, from the Fixed Stars. 875. By Saturn's Sa- 


Amplitude gives the Variation -of the Compaſs 


1. Azimuth is the number of Degrees and 
Minutes on the Horizon under the Sun or a Star, been exploded. 
rizon in north Latitude, and from the true ſouth Air in 

. ttheſe was obſerved by me and others, at 


RULES FOR VARIATION. 2 


2. Get the Polar-diſtance as before; then, Add 
together the Co-latitude, the Co-altitude and 
Polar-diſtance, and from their Half Sum ſubtract 
the Polar-diſtance to get a Remainder. Then, 
add together, the Co- ar. of the Co-latitude, the 
Co-ar. of the Co- altitude, the Sine of the Half 
Sum and the Sine of the Remainder; Half the 
Sum of theſe, is the Coſine of an Arch, which 
being doubled, is the true Azimuth from the true 
North in north Latitude, and from the true South 
in ſouth Latitude. | 


3. The true Azimuth compared with the ob- 


ſerved Azimuth, gives the Variation of the com- 


LVIN. 


applied ; in order to a Diſcovery of the Longitude 
at Sea. VVV „„ 
1. There have been no leſs than Twenty Me- 
thods propoſed, for finding the Longitudes of 
Places on Land and at Sea; namely, 1½. By 
placing Hulks of Ships at equal Diſtances acroſs 


the Ocean, from which Signals were to be given 


Report or Sound. 24 By an Air Glaſs tor keep- 


purpoſe. 4h. By the Sun's Separation from the Fixed 
5th. By the Planet Mercury's ſeparating 


tellites. 965. By the Dipping Needle. 107th. By 


_ Jupiter's Satellites, 1175. By Solar Eclipſes. 12 

Lunar Eclipſes. 1374. By the Moon's Change in 
Declination. 
15 ⁵. By Timekeepers. 16th. By a Ship's Reckon- 
ing at Sea; and by the Poſitions and Diſtances of 


14th. By the Magnetic Variation. 
Places on Land. 17th. By the Moon's daily In- 


Moon's angular Diſtance from the Sun. 20th. 


By the Moon's angular Diſtances from the Fixed 
Stars. Some have pretended to the Diſcovery of 
a Perpetual Motion, and that ſuch would be aſ- 
| ſifting for the Longitude, without conſidering that 


a conſtant Weight applied to a Machine, with 


either a ſmall Addition or Subduction, as an Allow- 
ance for the Change of Gravity from one place to 
another, would anſwer the ſame uſe. > 


2. Of theſe Twenty Methods, the three firſt have 
It is but a few Years ſince 
five large Meteors were ſeen to paſs through the 
Air in the interval of about ten Weeks, one of 
the Diſ- 
__ tance. 
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zo METHODS FOR LONGITUDE. 


trance of ſome Miles from each other; by theſe 
Obſervations, the Meteor was many Miles high 
ia the Atmoſphere. At that time Balloons had 
not been heard of in London; ſince, many ſur- 


prizing ærial Voyages have been made by them, 
but they have not been yet applied to either geo- 


graphical or nautical Subjects. 

3. The Diſcovery of the Longitude on Land 
by the Sun's Separation from the Fixed Stars, 1s 
one of the moſt antient Methods that has been 


known, but it is embarraſſed with ſuch Difficulties 


that it can never be practiſed with any Accuracy 
that will make it either of general or particular 


Uſe, It allows at a Medium, about four Mi- 
nutes of Time to three hundred and fixty Degrees 
of Longitude; or a Second of Time to a Degree 
and Half of Longitude ; whilſt, Experience proves 
that neither correſpondent Tranſits nor ſingle ones 
can be eaſily taken to that Accuracy, whereas the 

| Longitude of a Place is required ten times as exact 


on Land, and at Sea this Method is wholly im- 


LIX. 


pp the Out 


1. The Planet Mercury is ſo near the Sun, and 
his periodic Time is fo ſhort, that at his inferior 
and ſuperior Conjunctions with the Sun, his ap- 
parent Separation has been by ſome, thought ſuf- 
ficient for the Longitude. But even then it 1s 
much too little; beſides, it is a Queſtion, how 
correctly his Place can be predicted? His apparent 


change of Place is very irregular. It is but ſel- 


dom he can be obſerved on account of his Prox- 
imity to the Sun; and the times of his appearing 
are ſuch, that no Inſtrument now in Uſe, is adapted 
por taking his Altitude or angular Diſtance from 
the Fixed Stars, except in very favourable Wea- 
ther, and ſuch as but ſeldom happens. 
22. The Planets, Venus, Mars, Jupiter and Sa- 
_ turn, may often be obſerved, but there is the 
ſame objection concerning the Accuracy of the 
Tables which give their Predictions, and a much 
greater objection to their ſmall daily Separation 
trom the Sun and Fixed Stars. Therefore, 
3. The beſt Uſes of theſe Planets, will ariſe 
from their Declinations and Right Aſcenſions, 
when theſe can be predicted ſomewhat near the 
truth; for then, they may be applied in taking the 
Latitudes of places, like the Sun and Fixed 
TOY 1 | | 2 


» 


/ Longitude by Saturn's Satellites. | 
1. Thele cannot be obſerved” but by the moſt 


able Obfervers and the uſe of the beſt Teleſcopes, 


METHODS FOR LONGITUDE. 


under favourable circumſtances of Weather and the i | 
Planet's Poſition in the Heavens, j 


LXI. + 
Of Longitude by the Dipping Needle. 


1. In this Method, the Inſtrument for takin 
the Dip muſt be made with all poſſible Skill an 


Care, otherwiſe the Obſervations cannot be de- | 
' pended on; and then, altho* in ſome places the 
nh will differ conſiderably, within the Limits of 
a ſmall Difference of Longitude, in many other | 
8 it will be nearly the ſame for a conſiderable 


iſtance near the ſame Parallel of Latitude. 


2. The Writers on this Method have ſuppoſed | 
certain Magnetic Poles to which the Needle points | 
under due Regulations; but this agrees with no 
Obſervations of the Dip on the Earth or Seas. | 


i 
Of Longitude by Jupiter: Satellites. 


. Jupiter's Satellites, are four Moons moving 


round him in their reſpective periodic Times. By 
reaſon of the Length of Jupiter's Shadow and the 
Planes of their Orbits being near to that of Ju- 
piter, they frequently paſs 3 his Shadow, 
clipſes may be 

obſerved at different Places on the Earn. 
2. The Immerſions and Emerſions of theſe Sa- 
tellites, furniſh. Obſervers with frequent Oppor- 
tunities for determining the Longitudes of places } 
on Land, by correſpondent Obſervations ; eſpe- | 
cially thoſe of the firſt Satellite on account of its 
_ Splendor and ſwift Motion into and out of Jupiter's | 
Shadow. See Figure, Jupiter's Satellites. 
3. In making theſe Obſervations, a perſon 
ſhould uſe a Teleſcope magnifying not leſs than 
Thirty times, and a Pendulum Clock 


are thereby eclipſed, and their 


beating either 
Seconds or Half Seconds of Solar Time. | 


4. When two Perſons at different Places on the 
Earth, have obſerved either the Immerſion or 


Emerſion of the ſame Satellite and compared their 


Times; the Difference, is the Difference of Lon- 


gitude of the Places where they obſerved. 
5. The Tables ſor predicting the Times of the 


_ firſt Satellite, are not much different from the | 
Truth; therefore, Predictions made by them, | 
may be uſed as one Obſervation ; and a ſingle 


Obſervation beſide, gives the Longitude, 


6. This Method 1s excellent for determining d 
the Longitude on Land; but cannot be applied 
often at Sea, by reaſon of the Motion of a Ship, 


„„ 
Of Longitude by Solar Eclipſes. 
1. Becauſe a Solar Eclipſe is occaſioned 


"VS * 


Moon's 
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| Moon's Interpoſition between the Sun and Earth, 
and the Moon's: daily Receſſion is from Weſt to 
Eaſt; therefore, a Solar Eclipſe” begins on the 
2 Sun's. Weſtern Limb, and ends on the Eaſtern 
Limb, and nearly in the direction or poſition of 
the Ecliptic at that time, in the Heavens. 

2. If the Moon's Diſtanee from the Earth was 
great enough to annihilate the Moon's Horizontal 


3 Parallax, this Method would be preferable to all 
he others for ſettling the Longitude of Places on Land, 
of and at Sea, whenever thoſe Eclipſes could be ob- 
cr iy} ſerved; for, their Beginnings and Endings may 
le be taken to great Exactneſs, and the Difference of 
d — 8 would then be the Difference of Longitude. 
ts f 3. By reaſon of the Moon's Horizontal Paral- 
no lax, a Solar Eclipſe that is total at one place may 
be partial at another, and at other places may be 

none. This allowance for the time whilſt the 

Moon is paſſing to one or another part of the Sun's 

Limb, or removing from it, is not to be found 
N without a difficult proceſs, and ſuch as at leaſt is 
ng liable to Exception. o. 
By 4. On theſe accounts, Solar Eclipſes cannot be 
the i obſerved and applied with that eaſe and certainty 
Ju- that is defirable. But, the circumſtances attend- 
, ing a Solar Eclipſe, may ſometimes admit of re- 
be moving theſe Difficulties (theſe depend on the Po- 


ſttions of the Circles of the Sphere and the quan- 
Itity of the Moon's Horizontal Parallax): and then 
it may be applied for the Longitude,  — | 


Moon. 


for finding the Longitudes of places either on 
Land or at Sea, that are not general, this is the 
compleateſt; for, it is encumbered with no Paral- 
laxes, it is moſt eafily to be obſerved, and admits 


or of more Obſervations than any other Phznomenon 
heir whatever. 5 N 7 33 e 4 | . $ 
on- 2. In a total Lunar Eclipſe, if the Ecliptic hap- 
Pens to be nearly perpendicular to the Horizon 
the weſtward, the Eclipſe begins at the upper Limb 
the of the Moon, and ends near the lower Limb; but, 
em, Wt perpendicular eaſtward, it begins at the lower 
ngle Limb, and ends near the upper Limb. In other 
. Woktions of the Echptic, it begins on the Eaſt 
ung Pide and ends on the Weſt Side of the Moon. 
lied . 3. Before the Eclipſe begins, for a conſiderable 


we, the parts from Ariſtarcus to Kepler and Co- 
Poes on toward . the oppoſite part where 


Pra. 


==) 
ge, 


a Degree. 


1. Of all the Methods that have been propoſed ; 


Pernicus, are affected with a faint Shade, which 


he Eclipſe is to end; this Shade is the Penum- | 
r tdtmough not ſo exact. 
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4. In ſuch an Eclipſe, the real Shadow firſt 
touches the Moon near Ariftarcus, and comes on 
with a Velocity of near two Minutes of a Degree 
in four Minutes of time; and when the Limb 
firſt loſes its perfect Roundneſs, is the n 
of the Eclipſe. If this be obſerved by the nake 
Eye and alſo by a Teleſcope magnifying Sixty 


times, the former will perceive it a Minute of 


Time ſooner than by the latter; during this In- 
terval the Shade has moved but Half a Minute of 


5. As the Diameter of the Shade is much larger 


than that of the Moon, the Arch of the Shada 


will be flatter than the Moon's Circumference and 
touch the Spots on the Moon's Face accordingly ; 

theſe are principal Sights to be taken and wrote 
down as they happen. % oo 
6. On Land, theſe Obſervations will be greatly 


aſſiſted by the uſe of either a Pendulum Clock 
beating Seconds or Half Seconds of Solar Time, 


and previouſly ſet to it with the greateſt care. 


At Sea a good Pocket Watch that may be de- 
pended on for keeping ſuch Time, will anſwer 


the like purpeſe ; the Times with the names of 
the Spots when touched, biſected, and uncovered, 


to be noted and remain unaltered. 5 


7. If no Time-keeper be at hand, and the 5 


Latitude of the place is known, in favourable 
Weather the Altitude of a known Fixed Star, or 
a Primary Planet, may be taken, and from theſe 
the Time may be calculated; but, when a number 
of Obſervations are to be made, it will be beſt to 

have a good Time-keeper. _ „ 


Of Longitude by Lunar Eclipſes. See Map of the 


38. At the End of the Eclipſe, the oppoſite ; 
Limb of the Moon near Langrenus is affected as 


at the Beginning, until the Moon's Face receives 
her former Luſtre. In ſuch an Eclipſe, the Be- 


ginning and End of Total Darkneſs may be eaſily 
and correctly taken, theſe will be great addi- 
tions; and the Mediums of the Touches, Bi- 


ſections and Uncoverings of the Spots will be their 
central Touches by the Sade. 


9. In Lunar Eclipſes that are Partial, the 


Shadow ſometimes paſſeth over the northern and 
ſometimes over the ſouthern part of the Moon. 
In ſuch Eclipſes, the ſame method of Obſervation 
is to be obſerved, as in thoſe that are total. 


10. When ſuch Obſervations have been accu- 


rately made, by two or any other number of Per- 


ſons, however remote from each other, the dif- 
ference between either the Beginning, End, or 


Touch of any Spot, in Solar Time at one Place, 


compared with that af another Place, is their 
Diffe 


Beginnings or Ends be uſed inſtead of Obſerva- 
tions, one Obſerver may anſwer the like purpoſe, 


ILXV. o/ 


erence of Longitude, But, if the predicted 
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07 Longitude by the Moon's Change in Declination. 
1. Seeing that the Moon's diurnal Receſſion 


from Weſt to Eaſt, or rather her daily Preceſſion 
in the Zodiac is fo great, and the plane of her 
Orbit is inclined to that of the Earth; when the 


happens to be near either of the Equinoctial Points, 


her daily yon. 9 in Declination amounts to at 


leaſt Half her daily Receflion. Theſe Circum- 


ſtances have been thought by ſome Perſons; the 
more favourable, as her Declination can be fre- 
quently taken without confiderable Error, both by 
Altitudes from the Horizon and by her Poſitions 


to the Fixed Stars. „ 
2. In this Method, the original Tables muſt 
give the Moon's Latitude to the greateſt Exact. 
neſs; the Declination out of the Meridian is en- 
cumbered with Parallaxes and Refractions; the 
apparent Horizon is both variable and affected 
with the Earth's Spheroidical Figure; the Decli- 


nation itſelf, when the Moon is near the Tropics, 
changes very lowly ; and ſome of theſe Difficulties 
can never be ſufficiently overcome, for general 
Uſe and eaſy Practice to the Accuracy that is 
Wanted. That the Longitude at Sea may be taken 
buy it in an imperfect manner is certain, and that 
the Latitude may be taken by it to any Accuracy 
-- that is uſeful in Navigation 


Of Longitude by the Magnetic Variation. 


the Variation was different at different Places, and 


that when they came to ſuch a Latitude and had 
ſuch a Variation of the Compaſs, their Courſe and 
Diſtance to ſome near Land was thereby known, 
and would on different Voyages anſwer accord- 


ingly. FED. 


2. Aſterward it was diſcovered that the Varia- 
tion altered at the ſame Place, and that the Com- 


paſſes would at ſome particular Places, be ſud- 


denly affected with a Change unexpected; but, 
notwithſtanding this, the Subject was deemed of 
that Importance in Navigation, about the begin- 


ning of the Seventeenth Century, that at great 


Expences Men were employed and proper Ap- 


_ republiſhed with ſuppoſed authentic Improvements; 


for many Ages, by Navigators of all Nations, 


able Nautical Aftronomers as are in this or any 


and as accurately as by any other Method what- 
ever, at Places where the Variation Lines have 


the Variation Chart; and in their Angle of Meet- 


South, and to each other, for that Purpoſe; but, 
nearly Eaſt and Weſt and at wide Diſtances from 
each other, the Longitude cannot be determined 
having the Longitude and Variation; and in all Ca 


the magnetic Courſe, when the Latitude and Lon- 
gitude are known by the Ship's Reckoning. 


METHODS FOR LONGITUDE. 


plications made for diſcovering the Laws of this 
ſurprizing Syſtem. But, in bringing the beſt 


Materials together that could be collected, ſome 
were new others obſolete, and ſuch, that the then | 


State of this Syſtems, was but imperfectly ſhewn. 
3. Near Half a Century after, another elabo- 
rate Undertaking of the ſame kind was begun and 
carefully executed ; but, in ſuch a manner as to 
give no Inſight concerning the Laws of this Syſtem. 
About Twelve Years after, the ſame work was 


nevertheleſs, it is now. certain that, both its 
Stages had Errors to the amount of Ry Degrees 
of Variation, and over Seas the moſt frequented 


4. The Variation Charts of the Magnetic 
Needle, which have been publiſhed by me, have 
been chiefly from my own Improvements in this 
Science, and without theſe, they never could 
have been fo correctly drawn as they are. As 


other Kingdom have experienced their great Uti- 
lity, and found the Longitude by them, at Sea; 


not been ill adapted for that purpoſe. _ + 
5. In uſing them, the Bearing of either the 
Sun, a Planet or Star is taken by the Compaſs 


Card, and at the lame time an Altitude. Here, 
| having got the Polar-diſtance of the Sun, Planet 
or Star, add together the Co-latitude, the Co-alti- 

| tude and Polar-diſtance, and from their Half Sum 

ſubtract the Polar-diſtance to get a Remainder. 

I. In former Ages, after it became known that 
the Variation of the Magnetic Needle was a real 

Property, not depending on any particular Con- 
ſtruction of the Compaſs, Navigators and Mariners 
were not long at a loſs how to apply it in deter- 
mining (at leaſt to ſome degree of accuracy) the 
Place of a Ship at Sea, in order thereby to avoid 

Dangers and ſhorten their Voyages. At thoſe. 

times, by repeated Obſervations, they found that 


Then, add together, the Co- ar. of the Co- latitude, 
the Co- ar. of the Co- altitude; the Sine of the 
Half Sum, and the Sine of the Remainder. Half 
the Sum of theſe four is the Coſine of an Arch, 
which being doubled, is the true Azimuth from 
the North in North Latitude, and from the South 


in South Latitude. This compared with the Mag- 


netic Bearing or Azimuth gives the Variation. 
6. With the Latitude and Variation, enter 


ing is the Longitude, when the Variation Lines 
on the Chart run near enough to the North and 


in other Caſes or in thoſe Seas where they run 
by them; nevertheleſs, at ſuch Places they may 
ſometimes be applied for determining the Latitude 


ſes whatever, they may be well applied for knowing 
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LONGITUDE BY RECKONING. 


LXVII. 
Of Longitude by the Ship's Reckoning. 


Firſt general Method of finding Longitude 
„ 5 

1. In this Method of finding the Longitude at 
Sea, it is neceſſary to underſtand all the parts 


of Practical Navigation, the Methods of inferring 


the Longitude from the Courſes and Diſtances 
failed ; the taking of the Latitude by Meridian 
Altitudes, and the keeping an exact Account of 


theſe and other Particulars relative to them, at 
Sea, from the time a Ship ſails to the time of her 


Arrival at a deſigned Port. 1 
2. In this Method, nothing is to be done but 
what agrees with the Theory of Navigation and 
the nature of Loxodromic Lines, the Approaches 
of the Meridians and the Diminution of the De- 
grees of Longitude, from the Equinoctial toward 
the Poles. Mercator's Sailing amply provides for 
all theſe things (except for the irregularity of the 


ſhort comes near the Truth, but in long Diſtances 
it is erroneous. Bf gs Ee, 
3- In order to correct the many Errors that muſt 


ariſe in keeping an Acconnt of the Difference of 
Latitude and Longitude, it is proper to apply ſuch 


a Method as will effectually prevent thoſe Errors 


from ariſing and entering into the Calculation; 


this may be done as follows. 1/. Let all the 
Courſes ſailed by Compaſs be carefully taken, and 
the Diſtances ſailed, carefully meaſured from the. 
Beginning to the End of every. Day, 24. From 
theſe, find the whole Magnetic Difference of La- 


titude and Magnetic Departure, and thereby, the 
Diſtance ſailed made good, and the Magnetic 


Courſe made good. 34. Correct the Magnetic 
| Courſe made good, by the true Mean Varia- 
I tion, to get the true Courſe made good, with 
which and the Diſtance made good, get the 
true Difference of Latitude and true Departure. 
4th. With theſe, proceed to get the true Lat:- 
tude and Longitude, as in the uſual Practice of 
Navigation. Or otherwiſe, more expeditiouſly 
and correctly by the] Formula, Inſtructions and 
Journal pabliſhed lately by me for thoſe purpoſes. 
4. If theſe Methods are uſed, there can be but 
little (if any) Error whatever in the Concluſion, 
rom a want of knowing even the true Variation of 


minal Variation of the Compaſs here applied, 
ill always be that taken by the Compaſs, and 
hether that be true or falſe, from the Needle's 
Situation to the Card, there will be no Difference 


n the true Courſe made good. 


Earth's Figure) therefore, it is much eſteemed, 
Middle Latitude Sailing, when the Diſtances are 


JJ oo RT 
3. Under ſuch Circumſtances, when the Ma. 
chine has gone long and is removed to a diſtant 


Second, as ſhewn by the Time-keeper. 


he Compaſs, at any time or place; for, the no- 


LONGITUDE BY WATCHES. 
; +, - on. 
Of Longitude by Time-keepers, 

Second general Method of finding Longitude 
at Sea, . ow, 
1. In this Method, the Time-keeper to be uſed 
is ſappoſed to be ſo adjuſted before it goes to Sea, 
that 1t will either keep Mean Solar Time; or 
otherwiſe, that the Number of Seconds it gains or 
loſes thereon per day, are known. In the latter 


Caſe, the Number of Days multiplied by thoſe 
Seconds, gives the whole gain or loſs, from which 


33 


the Solar Time at the place ſailed from, is 10 K 0 
e 


poſedly known. Then, having an Altitude of t 


Sun, or of a Star, or a Planet, with the Decli- 


nation, and the Latitude of the Place; the Solar 


Time at the Ship may be computed ; and the dif- | 


ference of theſe two Times is the Longitude, 
2. In this Method, it is neceſſary to know whe- _ 
ther the Time-keeper keeps Equal Time or gains 
or loſſes thereon. After it has received Cleaning 
and freſh Oil; ſome Artiſts will have the Balance 
make larger Vibrations, and therefore, as they 
think, it muſt take a longer Time in vibrating ; 


Others, of at leaſt as good Judgment, find the 


quite contrary. It is farther obſerved, that, the 
Iteration when it begins, is not regular nor pro- 
portionate, and the longer it goes the greater is 


Meridian, no Obſervations depending on the appa- 


rent Diurnal Motion, can ſhew to what the whole 
_ accumulated Error amounts; nor any thing leſs | 
than the true Longitude itſelf that has been made 


(which is the Thing ſought) and therewith proper 


Celeſtial Obſervations. But, 


4. Where a Time-keeper is perfect, the Me- 
thod of finding Longitude by it is thus. Take an 
Altitude of the Sun, a Planet or a Fixed Star, 
and at the ſame time note the Hour, Minute and 


the Declination, get the Polar-diftance ; then, add 
together the Co-latitude, the Polar-diſtance and 
Co- altitude, and from their Half Sum ſubtract the 


Co- altitude to get a Remainder. Then, add 
together, the Co- ar. of the Co- latitude, the Co-ar. 
of the Polar-diſtance, Sine of the Half Sum, and 
Sine of the Remainder; Half the Sum of theſe 


four is the Coſine of an Arch, which being doubled 
is the Time paſt Noon in Degrees and Minutes for 


an Afternoon Obſervation ; but, ſhort of Noon 


for a Forenoon Obſervation, at the Ship. Turn the 

Time Solar per Time-keeper into Degrees and Mi- 

nutes; then, in an Afternoon Obſervation, ſub- 

tract one Time from the other, the Remainder is 

the Os Weſt when the Time-keeper's Time 
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34 LONGITUDE PREDICTIONS. 


is greateſt, but otherwiſe Eaſt Longitude, In a 
Forenoon Obſervation, add together the two Times 
and their Sum is Weſt Longitude. 
„„ 
Of Predictions for the Longitude at Sea. 
1. Predictions of this kind, are the Reſults of 
Calculations made from Tables conſtructed accord- 


ing to the beſt Theories of the Celeſtial Motions 


and according to Obſervations made with the moſt 


perfect Inſtruments that can be uſed. Such Inſtru- 

ments and the continual Application of them in 
obſerving the Motions of the Sun, Moon, Primary 

Planets and Fixed Stars, requiring a great Ex- 


pence, they are therefore at but few places except 


where the Munificence of Princes, or Perſons of 
great Fortune have placed them for making Diſ. 
coveries and Advancement in the Aſtronomical 
Scene. Tens. Ein Ss 
2. Such Inſtruments are the principal Furniture 

of Aſtronomical Obſervatories. in different Coun- 
tries. The Angular Inſtruments in thoſe places, 

are large, fixed to firm walls, and, if moveable 

in the Plane of the Meridian, are conſtructed 
accordingly, ſo that they have great Advantages 

over ſmaller Inſtruments that are portable. The 
Clocks have all Advantages that can be given 
them. The chief end and deſign of theſe Inſtitu- 
tions is to obtain an accurate Knowledge of the 
Celeſtial Motions and make them ſubſervient to the 
Improvement and Perfection of Geography and 


Navigation. 


3. In ſuch Obſervatories, the Times when the 


Celeſtial Bodies tranſit the Meridian, are accu- 
rately obſerved; thoſe Obſervations and the Laws 
of the Solar Syſtem are applied together in a ma- 

thematical way, and hence Tables are made for 
predicting the apparent Returns of the Sun, Moon, 
Primary Planets and Fixed Stars, for times to 

I -M e 
4. From thoſe Tables, annual Tables or Ephe- 
merides are formed, in which the Right Aſcen- 

ſions, Declinations, and P N he 

variable Phænomena, are inſerted for every Day Right Aſcenſion; and the Star's Diſtance from the den 
in the Year. In ſuch are ſhewn, 1½f. The Right a dees herd | 
Aſcenſion Declination, Longitude and Semidia- 
meter of the Sun. 24. The Right Aſcenſion, 
Declination, Longitude and Latitude, Horizontal 
| Parallax and Semidiameter. of the Moon. 34. 
The Right Aſcenſions, Declinations, Longitudes 
and Latitudes of the Primary Planets, 4h. The 


Angular Diſtances (at certain ſhort Intervals of 
Time for ſome known Meridian) of the Sun from 


the Moon, and of the Moon from the Zodiacal 
Stars. Theſe particulars are in a continual State 


of Mutation, and although they may ſome of them 


Of Longitude hy the Moon's Change in Right Aſcen- 


Time at the Firſt Meridian, gives the Longitude 
of the Ship. This Method is ſupplied, and in a 


LONGITUDE BY Moos PLACE. 


return nearly to the like Poſitions after a long il w 
Interval of Time; from the Laws of the Syſtem, A 
the Time of their Return to the ſame preciſe Si- | 


tuation is indefinite and not to be known. Theſe IL. 
are the principal Predictions wanted, in all the FF h: 


aſtronomical Methods of finding the Longitude fo 


tu 
: * 
= t: 

fron from the Sun. | \ 2 th 

1. In this Method, the Lunar Tables uſed in 0 
predifting the Moon's Longitude, are required fn 
to be as correct as for any Method whatever, and p. 
from theſe predicted Longitudes, the Moon's cor- 
rect Right Aſcenſions from Day to Day, or for 
parts of a Day, are to be inſerted in Tables for ſome A 
Firſt Meridian, for uſe at ee. MM 
2. At Sea, having the Sun's Altitude, the " 
Moon's Altitude, and the Angular Diſtance of . 


Sun and Moon, together with the other Requiſites, > 


L. 


0 
— 
1 


4 


the Right Aſcenſion of the Moon may be found for ; 
the time of Obſervation ; and confequently, the 8 
Hour, Minute and. Second of that inſtant for the ch 
77%/Ü » ((T 5 

3. Having the Latitude of the Place, the Sun's 
Declination and his Altitude, the Time at the A 
Ship may be found; and. this compared with the 


more. eaſy manner, by the three hourly Diſtances 1 


Of Longitude by the. Moon's Change in Right Aſeen- 1 4 
un from the Fixed Star. 
I. In this Method, the ſame correctneſs of the 


Tables. is required for the Stars and Moon, and O 


nearly the like Obſervations to be made as for Sunn ” 


and Moon, until the Star's Diſtance from the Mei. 


ridian of the place of Obſervation is found, whe- 


ther it be paſt or ſhort of it. Then, 0 
2. Having the Sun's Right-Aſcenſion, the Star's With 


Meridian, the Time at the Ship may be found; St 
and this compared with the Time at the firſt Me- ot! 
ridian, gives the Longitude of the Ship. This n 
Method is ſupplied, and in a more eaſy manner, Wii 
by the three hourly Diſtances: of the Moon and 


; 
72 

75 8 4 
a 


Of raking and preparing the Moon's Angular Diftance eh 


1. This Method and the following (which is 
on the ſame Principle) are the twWo 1 0 
OO En. ©] 


TAKING OF sIGH TS. 


g Which are now practiſed with, Succeſs by Nautical | 


„ Aſtronomers. . 

— 2. When Obfervations are to be made for the 
ſe Longitude by Sun and Moon, it is convenient to 
le have three Perſons, one for the Diſtances, another 
i for Sun's Altitude and another for Moon's Alti- 


tude. The frſt ſhould have a Sextant adjuſted to 


tants. 1 1 3 Tus 2”, , . 
; 3. All three ſhould know, that they are to make 


their reſpective Obſervations as nearly at equal 
„ Intervals of Time as poſſible, and each as near 
= the ſame Inſtant as they can. The perſon who 
takes the Diftances is. the principal and leading 
Perſon, and ſhould. ſpeak when he has joined the 
Limbs; at the ſame Inſtant, the others ſhould be 
ready to take off and write down their Altitude of 
Sun's lower and Moon's lower or upper Limb. 
XZ 4. When ſeveral ſuch Diſtances and Altitudes 
have been taken and written down, each Obſerver 


Number that have been taken, and the three reſpec- 
tive Mediums will be the co- temporary Obſerva- 
tions. When the greateſt Accuracy is required, 
the Diſtances ſhould be farther corrected by the 
foregoing Method of Subſtitution =” © 
5. The Diſtance is now prepared, but for each 


he Altitude, it ſhould be noted what Tables are to 
de be next uſed ; if the Linear Tables, ſubtraR the 
acne Dip and add the Semidiameter of Sun or Moon's 


meter for Moon's upper Limb, this clears the 


ö Method by Sun and Moon's or by Star and Moon's 


7 Angles is to be 
1 ſubtracted. tht 


WY}: 


rom tbe Fixed Stars, | 
1. Here is the ſame Method of Preparation and 
Obſervation, the ſame number of Obſervers. and 
the ſame Inſtruments as before. The Moon's 
md; Star. 
7 m 8 
and 2. The Star's Semidiameter is nothing. If 


3 
* 


ne Horizon be imperfectiy defined; it is beſt to 


poſſible . an Error in the Star's Altitude 
hiefly affects the Time at the Ship, and that will 


Ere various ways of ſupplying the want of a Hori- 


Pares the Star and Moon for Calculation. 


the greateſt Exactnefs, the others may have Oc- 


nates at the r 
22. According to this Definition, the Meridian 
of London paſſeth through St. Paul's Cathedral 


is to add up his own, and divide their Sum by the 


2 lower Limb, but ſubtra& the Dip and Semidia- 
Altitudes, and prepares for Calculation, If the 


uſed, the Refradtion allo-is to. be 


= 2 cating and, Irogaring the Moon's Angular Diſtance 
| Fer 4 5 


nlightened Limb has its Image brought to the 


pbſerve when the Star is as nearly Eaft or Weſt as 


f hereby be greatly removed) in other Caſes, there 


Non ſufficiently correct for this purpoſe. This pre- 
due Royal Obſervatory at Greenwich. The near. 


Principles, geographical and hydrographical, con- 
cerning the 3 or firſt Meridian, from which 
TLongitude begins to be reckoned, and how it is 
1. Geographers and Hydrographers, frequently 
name the whole Great Circle paſſing round the 
Earth and Seas from north to ſouth, the Meridian 
of a Place through which it alſo paſſeth ; but, it 


2 


ſeems more accurate to name it that Great Semi- 


circle which 2 through the Place and termi- 
arth's Poles. 5 


. 


London, and being continued northward, leaves 
England near Flamborough-head in Yorkſhire ; 


it then croſſeth the Northern Seas, and being 


continued 'Thirty-eight Degrees and twenty-nine 


Minutes from London, comes to the Earth's north. 


„ J) . 
3. This meridian being continued ſouthward, 
leaves England near Brighthelmſtone in Suſſex, 


It then croſſeth the Britiſh Channel, and enters 
France near the Town of Fecamp and the little 
Village of Auberville not far from the Entrance 


of the River Seine. By crofling the Pyrenean 
Mountains it enters Spain, and leaves it a little 


weſtward of the Entrance of Ebro River. It then 


paſſeth over the Mediteranean Sea, enters Africa 
near Oran, and leaves it about Sixty Miles eaſt- 


ward from. Cape Three Points on that Coaſt, It 


then enters the Ethiopian Sea, and at the diſtance 7 


of Fifty-one. degrees, and thirty-one Minutes 


from London, comes to the Equinoctial Line, 


Here the Longitudes of Places from the Meridian 


of London begin to be reckoned in the Arch of the 


Equinoctial, eaſtward and weſtward One hundred 
and eighty Degrees, for Eaſt and Weſt Longitude 
from London. Ok IVY 


J. Continue this Meridian Ninetyj Degrees 
ſouthward and it comes to the South Pole of the 


Earth. This Diſtance from the North to the South 


Pole, completes the firſt Semicircle of the Meri- 


dian of London, at all places of which, it is Noon- 
The moſt favourable Opportunities (all . 
Mether things ſuitable) are during the Twilights 
the Moon's Light renders the Horizon 


day at the ſame Inſtant in. 
5. Continue the firſt Semicircle through the 


Earth's Poles to compleat the oppoſite or ſecond 
Semicircle, and it will paſs through the Great 


South Sea, and it will become One hundred and 
Eighty Degrees at the Equinoctial, diſtant from 


the firſt Semicircle. At all Places in this latter, 


it will be Midnight when it. is Noon-day at the 
former. This compleats the Great Circle com- 

monly called the Meridian of London, dividing 
the Eaſt Longitude from the Weſt. 


0 1 


6. The Meridian of Greenwich paſſeth through. 


eſt 


firſt Meridlans at their Capital Cities; 


36 FIRST. MERIDIANS. 


eſt 1 from St. Paul's London, to the Meri- 
dian of Greenwich, is four Miles wanting a fix- 
teenth of a Mile. The neareſt diſtance of thoſe 
Meridians at the Equinoctial, is {ix nautical Miles 
and a third; this ariſes from an enlargement of 
the Longitude Degrees toward the Equinoctial, 
and their being ſhorter toward the Poles. Hence, 

at the Equinoctial a Degree of Longitude is a Pe- 
gree of Diſtance, and a Minute of e is a 
Mile of Diſtance. Conſequently, | 

7. Almoſt all Europe, Afia and Africa, are in 
Eaſt Lon 
North and South America, are in Weſt Longitude 
from London and Greenwich. The Ocean's and 
Seas northward of Europe and Aſia, the Baltic and 
_ Caſpian Seas, almoſt all the Mediterranean, part 
ol the Ethiopic Ocean toward the Coaſt of Africa, 
tae Indian Ocean, the China Seas, and part of 
the Pacific Ocean, theſe are in Eaſt Longitude 
from London and Greenwich. The Atlantic or 


Weſtern Ocean, the Southern Ocean toward South 


America, and a great part of the Pacific Ocean, 
tue are i Weſt Longitade from London and 
: Greenwich. 


8. The firſt Meridian hath bees ſuppoſed by 


| the Britiſh Nation to be that of London for long 


time paſt, probably becauſe it is the Metropolis 


of the Kingdom; other Nations have had their 


Aſtronomical Obſervatories have been eretted at 
different places throughout Europe for the expreſs 
paurpoſes of improving Geography and Navigation, 
theſe firſt Meridians have been ſuppoſed to begin 


at ſeveral of theſe Obſervatories reſpectively, and 


he Longitudes of places have been reckoned from 
them accordingly. 


noted, in reading the Predictions that are in Ephe- 


merides and other Tables of the Places of the Ce- 
leſtial Bodies, becauſe ſuch are underſtood to be 
for the Times at thoſe Meridians for which 


the Calculations have * * Ad To no 
> others. 


IXxv. 


5 Of FR Ae of a Devine of Keen at 
OO different times and places on the. Earth's — 5 
5 and its Application zo the Dip of Horizon. 


Although the firſt Principles of the Mathe- | 


| a8 Sciences were known to the ancient Aſtro- 
nomers, yet they made uſe of ſuch imperfect Me- 
thods for determining the true Magnitude of the 
Earth and Seas, So their Concluſions could 


hardly be otherwiſe than imperfect. 
22. Hiſtorians relate that, 1 ds 
5 50 Years before Chriſt, meaſured, and deduced - 

the 0 enen of a SIE Meridian : but 


itude from London and Greenwich. 


meaſured from Paris to Amiens. 


but, ſince 


This is particularly to be 


others. 


DEGREE OF LATITUDE, 


that he made it very different from what it is now 
found by indiſputable Obſervations, That, 

3. Eratoſthenes, about 200 Years before Chriſt 
meaſured, and found it nearly as it is at preſent. 
. Poſlidonius, a little before Chriſt, obſerved | 


the Meridian Altitudes of the Star Conopus (in 


the Conſtellation of the Ship) both at Rhodes and | 
at Alexandria, and found the Circumference of a | 
Meridian, 
5. The Mathematicians of Maimon King of ö 
Arabia or Caliph of Babylon, meaſured two De- 
grees, in the Plains of Meſopotamia, and found | 
the Circumference of a Meridian nearly as it had 
been found by Eratoſthenes, and ſomewhat larger 
than it had been found by Poſſidonius. 

6. About the Year of Chriſt 1550 Fernelius 
In 1618 Snel- 
lius meaſured at Alkmaer, at Bergen-op-zoom, 
and at Leyden. In 1635 Richard Norwood mea- | 
ſured from London to York. In 1671 Picard 
meaſured between Malvoiſine and Amiens. In 


1718 Caſſini, between Dunkirk and Collioure. 
In 1736 and ſince that time, Meaſurements have 
been made at the north Polar Circle nearly ; z near 
the Equinoctial Line in South America ; ; in Italy, 

85 Germany, and other Places. 


7. In 1687 Sir Ifaac Newton publiſhed his 
Principia, wherein he determined from the Laws 
of Gravitation, the Centrifugal Force ariſing from 


the Earth's Rotation and the Meaſures of a Degree 
of Latitude, as they had been made before his 
time, that the Diameter of the Earth's Equi- N 


noctial Circle was longer than its Polar Axis by | 
Thirty-four Miles _ a fifth, Since his time | 
others have computed after a manner but little | 
different from his, and found that Difference {ix 
or ſeven Miles more. Others have concluded the 


Difference of Diameters to be greater, but with- | 


out good Foundation ; for, if the above Difference 


be admitted and due allowance be made for the 
Deviation of Gravitation from a direction toward 
the Earth's centre (as has been before particu- 


1 the actual Meaſurements n not di T 
much 


therefrom. 


8. Having the Meaſure of a Deg: ree of Lat, f 


tude, near 2 Middle of the meridional Qua- 
drant, the Semidiameter of the Earth and Seas at 
that Part is known; and from the ſmall Increaſe. 
of that Sommers toward the Equinoctial, 7 
and ſmall Decreaſe toward the Poles, in compaqa- 


riſon with the Whole and with any Heights on 4 
Land or at Sea, the one is much gn. tha 


g. In the Plane 5 any Meridian of the Barth, 4 


ſuppoſe a Tangent Line drawn north and ſouth at 
Contact with the Equinoctial Line, and through Þ 


every Manute of LHR on that Meridian, and 1 
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DEGREE or LATITUDE; 


from the Earth's Centre, let there be drawn 


W ſtraight Lines to meet the Tangent Line; fo will 
A che” Ne be natural Tangents; and the latter 
iſt Natural Secants, to the Radius of the Equinoctial, 
* [M8 for every Minute of Latitude. Then, ſuppoſing 
ed a Perſon elevated to an Height above the Earth's 
4 Surface at the Top of a Secant, an Arch of the 
ad | Meridian would appear to him, from the Equi- 
'2 nactial to the point on the Earth's Surface under 
; him; and the number of Minutes of Latitude, 
of would be thoſe of that Secant to the Earth's 
IJ... cool gy 
1d | 10. This ſuggeſts an eaſy Method of finding, 
a0 not only the Allowance commonly made for the 


Dip of Horizon, when the Eye is elevated any 
number of Feet above the Surface of the Sea ; but 
alſo, . the Diſtance that will appear on the Curvili- 
near Surface of the Ocean, at a given Height, 
when the Difference of the Earth's Equinoctial 
Diameter and polar Axis is known, as the Radius 
of Curvature will then be alfo given. 8 
3 11. The Length of a Degree of Latitude to 
each ten Degrees of Latitude, by Sir Iſaac New- 
vj, /// / pom aid: 
- = Deg. Toiſes. Deg. Toiſes. 
. 56636 go. 57074 
1 2 50 1 6. 


fa 


ns 2. - | 
30. 56823. 80. 57360, 


480. 56945. 90. 57382. 
The Toiſe, is Seventy-ſix Engliſh Inches and 
and therefore 


1 


Seyventy- one hundredths of an Inch; a | 
(according to theſe Meaſures) the Length of a 


DIP OF HORIZON. © 35 


2. A Table of the Dip of Horizon, is com- 
monly for each Foot of Altitude, oppoſite to which 
the Dip is ſhewn in Minutes and Seconds, and as 
the Heighth increaſeth the Dip increaſeth with it ; 
but in all Caſes, the Height will be very ſmall 
being compared with the Diſtance (or fartheſt 
Sight of the Sea) eſpecially in ſmall Heights; 
and therefore, when Accuracy is required, Care 
thould be taken to have the Height correct. 

3. If the Eye was ſituated in the Surface of the 
Sea, the Viſible Horizon would be a Plane and 
the Eye would be at a Point in it ; but, when the 
Eye is elevated above that Surface, the Dip is in 
the ſlant Side of a Cone, which has its Vertex for 
the place of the Eye, and its Altitude for the Ele- 
vation above the Surface of the Sea. 
Height is increaſed, ſo the Eye can ſee more Sur- 
face of the Sea, but can never ſee Half the Sur. 
face (ſuppoſing the whole in a Fluid State) unleſs 
at be removed to an infinite Height or Diſtance. 


4+ Whilſt the Eye is at no greater Height than 


the parts of a Ship will admit, and a Ship is 
approaching toward Land, the higheſt Parts of 
the Lands firſt appear coincident with the Line of 
the Dip of Horizon (at this time. the Surface of 
the Sea near thoſe Lands, is more deprefſed than 


the Dip of Horizon) next the leſs. elevated Parts 
of the Lands appear, and then the Surface of the 


Sea. near the Lands, in the Line of the Dip of 


| Horizon; when near the Land, Waters near the 
Coaſt, become again more depreſſed than the Dip 


of Horizon, and this naturally follows from. the * 
Motion of the Eye and of the conical Baſe bound. 


Degree of Latitude, is not Half a Mile ſhorter at ing the Sight, 

the EquinoRtial, nor Half a Mile longer at tbe LXXV © © 
Poles, than in the Middle of the Temperate Of. Ships that are Landlocked, or otherwiſe happen 
Zones. 104 * "zo be where the Horizon of the Sea is inviſible. = 
4 F LETTER n Sight of Lax * ot 85 
"S (( Die: ow 3 „ failing toward it, t orizon of the Sea diſap- | 
” 2 ray 1 has Sy. ANN D roſes | RE the Interpoſition of the Land. The 
"eo OT r/o pod e n ſame thing happens to Ships when they are in 
E 1. Could the Rye of an Obſerver be coincident Harbours and failing nearly parallel to any Coaſt; 
F Vith the Surface of the Sea, when the Waters are at ſuch times, the Altitudes of the Celeſtial Bodies 
4 undiſturbed by any Force or Power exerted on them toward the Lands cannot be taken above the Ho- 
but what ariſes from the compounded centrifugal rizon of the Sea, and therefore other Methods 
* and gravitating Forces; to it the Celeſtial Bodies muſt be appli ec. 
e A ould appear in the Viſible Horizon at their 2. In ſuch Caſes, the uppermoſt Parts of the 
1, Niang and Setting, were it not for the Effets of Lands (if they are even and well defined) or any | 
'* KRefraction, but as the Eye muſt become ſituated other Parts, to the Line of the Coaſt itſelf, per- 
above the Surface of the Sea, it ſees the Celeſtial - pendicularly beneath, may be made uſe of inſtead | 
he 73 Bodies ſooner at Riſing and later at Setting than of the Horizon of the Sea; but, the Elevation 
fit otherwiſe would; likewiſe, 'at any Altitude. thereof above, or Depreſſion thereof below the 


| Fabove the Horizon, it ſees the Celeſtial Bodies 


— under a greater than the true Elevation by this 
en I Wantity ; for this Reaſon, it is called the Dip of 
nd 9 | | 8 


ff f 
- 
WA. . 


Horizon of the Sea, 
be applied. 
3 


, muſt be known before it can 
and 
and 


As that 


Height of the Eye at any Part of the 
| Ship is known, the Angle made with the L 
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33 INVISIBLE HORIZONS. 


the Viſible Horizon may be taken various ways, 
and therefore the Elevation or Depreſſion of the 
Part to be uſed may be taken and allowed for, in 
Altitudes depending thereon. Thus, | 
4. When the Height of the Land is but ſmal 
the floating Mirror or parallel-plane Glaſs floating 
on Quickſilver may be applied. Here, the Ce- 
leſtial Body, by double Reflection in Hadley's 
Sextant, is brought down to the Image thrown up 


by ſingle Reflection from the Mirror, and the De- ang 
ſtance of the Sun and Moon's Centres, there are 


grees and Minutes on the Inſtrument are twice the 
obſerved Altitude above the Viſible Horizon, to 
be corrected only for the Re fraction. 
5. When either the Land or Water's Edge in- 
tended to be uſed, is lower than the Viſible Horizon, 
the Angle between it and ſome elevated Part may 
often be taken, and therefrom the Depreſſion 
| But, if this cannot be done, the Angle 
with the Perpendicular may be taken. 
6. In all Caſes; whenever the oppoſite Horizon 
of the Sea can be ſeen, the Back Obſervation with 
Hadley's Octant, will take the Altitude. More 
| f and correctly, if the Quadrant invented 
y me for taking Angles quite to One hundred 
and eighty Degrees be applied, the Back Obſer- 


vation with Hadley's Ofant, is not only unne- 
ceſſary; but, at any time when the oppoſite Ho- 
rixons are viſible, they may be united and taken 


either when their angular diſtance is greater or 
leſs than a Semicircle ; and thereby, the preſent 
ſtate of the 

kno-wn. 


. This Inſtrument was mentioned in my Prac- 


_ tical Aſtronomy, and intended to ſupply the De- 
fects of Hadley's Sextant, in taking Angles greater 
than One hundred and twenty Degrees. It con- 
| liſts of a Quadrant and two Glaſſes at the Centre, 
ſo placed, that an Angle may be taken quite to a 


Semicircle, with a large Field of View. on the 


_ Glaſſes; and when a Teleſcope is ;appled to the 


Inſtrument, the apparent Motion of the conjoined 2 82 1 
Centre, this ſuppoſed Co- altitude of the Moon's | 
Centre, and the well obſerved Diſtance of the 


| Lag on the Glaſſes, is but Half the Motion of 
the Eye at the Eye-Hole of Hadley's Sextant, to 


keep the Images in View on the Glafſles, 
8. Another Property belonging to this In- 


ſtrument is, its being capable of Verification, 


either as adjuſted or uſed for an Angle leſs than 


a Semicircle, or its Remainder to a whole Circle. 


Farther, Hadley's Sextant will not well bear 


more than a magnifying Eye Teleſcope of Three 


times, whilſt this will bear ſix times; and there- 


 fofe, beſides being proper for particular Caſes 
at Sea, it may be applied on Land, in many 
_ Caſes wherein other Inſtruments would be infut- 


Moon's lower or 
the ſame Time. 


Horizontal Refraction, at any time 


CORRECTIONS: © 

„ — FRONT 
Of the Methods which Mathematicians and Aſftrono- 

mers hade applied, in order to deduce the true An- 

gular Diſtance of the Sun and Moon's Centres; 


having the Cotemporary Obſervations, and the 
Moon's Horizontal Parallax. 5 | 6 


Method the F irſt, for Correction. 5 
1. In order to determine the true angular Di- 


taken, the Altitude of the Sun's lower Limb, the 
Altitude of the Moon's lower or upper Limb, and 
the angular Diſtance oſ their neareſt Limbs; their 
true angular Diſtance being the Inclination of two 
right Lines drawn from the Centres of the Sun 
and Moon to the Earth's Centtte. 
2. In theſe Data, the Altitude of the Sun's lower 
Limb, as taken above the Horizon gf the Sea, is 


affected by a different Quantity of Refraction at 


different Times and Places; when the Altitude is 
ſmall, this may amount to ſeveral Minutes of a 
Degree, and enters into the Parts to be computed. *: 
The like may be ſaid for the Refraction of te 
upper Limb, which is taken at 


3. When the Moon's lower or upper Limb is 


taken, the Parallax in Altitude for it, may be 


nearly the ſame, or it may not be by many Se- 
conds of a Degree, as it is for the Points of Con- 
tact; this alſo will enter into the Parts to be com- 


1 J 
4 Whether the lower or upper Limbs are taken, 


the Altitudes will be (in many Caſes) ſome Mi- 
nutes of a Degree too little or too great, by the 
Deviation of Gravity; this alſo enters into the 
%% ben a af ld 

6. The Diſtance of the Limbs is taken as cor- 
redly as poſlible, and is the only true Datum that 
enters into the Computation.” | 
6. Having this ſuppoſed Co- altitude of the Sun's | 


Limbs, they are the three Sides of a Spherical | 
Triangle, to which they apply the Common Ta- 


bles of Refraction (which but ſeldom agree with | 


the State of the Atmoſphere where the Obſeryation | 


was made) the Common Ratio for Parallax in Al- 


titude (which is inadequate, firſt by reaſon of the 


upper or lower Limb of the Moon obſerved ; and 


Secondly, more ſo on account of the Deviation. of 7 


Gravity) and, ſuppoſing the Zenith Angle cor- 
rect, they carry on the Proceſs of the whole Tri- 


angle by proportional Parts, for Degrees, Minutes 


and Seconds, to get the true Diſtance of Centres. 


Method 
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CORRECTION SS. 
Method the Second, for Correction. 

7. In this Method the Data are commonly as in 
the firſt Method; but, the Number of Minutes 
and Seconds additive to or ſubductive from the 
obſerved Diſtance, is found from the Analyſis of 

the Problem and its Parts. 

| 8. Of theſe two Methods, the 

practiſed without a Variety of Obſtructions which 
are diſagreeble to the ableſt Calculators, on ac- 


cy we © 3» 


therein. The 
and Seconds in the Data, undergo a een, 
Additions and Subtractions; this is hazardous, 
as an Error would be fatal for the Reſult. 
Concluſion, the Complication may or it may not 
admit the Truth, according to the Relations of 


grees, as well as the Minutes 


er : the Terms in the Data to each other (as hath been 
is before mentioned). Therefore, this Method ſhould 


be introduced with great Caution, and uſed by 


none but the moſt expert Computors. 

9. In the ſecond Method, the Degrees and (very 
+ = often) the Minutes of the ſeveral Parts of the 
Data, are retained nearly in the ſame State as 
they are given; the Operation is for the Correc- 
tion only, whether it be additive or ſubductive; 
here are large Data for ſmall Quæſita (the greateſt 
7 Advantages that Calculations can have) and there- 


. = ference, 


n, Gravity; the original Triangle here undergoes no 
i- Change through all its Parts, previous to the Ope- 


the ſhorteſt and moſt corre& Method of Solution, 
. EE. ai 


of Centres of Sun and Moon, or of Moon and Star. : 

1. There are two different Ways of finding the 
Corrections to be made for the true Diſtance of 
Centres. The firſt Way 1s by finding the Effect 


Parallax on that Diſtance, is to be found and 
added to or ſubtracted from that Diſtance ; this 
3 gon nearly the true Diſtance. 
bDiſtance is but a ſmall number of Degrees, or one 
of the Luminaries is not many Degrees above the 
3 Horizon; a ſmall Correction, either additive or 
ſubductive, is to be applied; and this gives the 
> true Diſtance requires. 5 ED 
the Refraction and Parallax in Altitude, is to be 
found for each of the Luminaries, - the Spheric 


firſt cannot be 


count of the 1 Parts to be allowed for 
F f 
of 


In the 


fore, of all others, this Method deſerves the Pre- 
: Beſides, amidſt the ſeveral Errors that 
27 ariſe through not knowing the accurate Refractions, 
Parallaxes in Altitude, and the Deviation of 


{ culties, and have anſwered accordingly. 
ration for Correction. Therefore, this is generally. m_ 


Of 0 alculations for correcting the obſerved | Diſtance _ 


Laſtly, when the 


2. In the ſecond Way, the Difference between 
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Angle at each of the Luminaries is alſo to be 
found; the Angles are to be applied (with that 
Difference and the Diſtance) as Plane Angles ; 
and thereby the principal Correction for Refraction 
and Parallax found. The final Correction is alſo 

to be applied, and this gives the true Diſtance 


/ Linear Tables; their Conſtruction and Uſe. 
1. When a Table conſiſting wholly of Numbers, 


increaſeth in the Value of its Numbers, deſcend- 
ing perpendicularly, but decreaſeth in the Value 


required. 


of its Numbers, horizontally ; and the tabulated 


Numbers are for whole Degrees, it will be no 


ſmall difficulty with ſome Perſons, to find the pro-: 
portional Parts for intermediate Minutes, and 


eſpecially when there is Inequality in the Diffe- 
rences, under both of theſe Directions 
2. There are Inſtances in ſuch Tables, wherein 


the Differences either increaſe or decreaſe by very 


unequal Differences one of theſe ways, and by 
very different unequal Differences the other way ; 
and fo, that Propo! tionality itſelf will not give the 
Truth, nor any thing leſs than the Method of firſt 


or (ſometimes) of ſecond Differences. When ſuch 
Tables fall into the hands of Perſons who are not 
good Computors, the intermediate Numbers are 


generally unſought for and thoſe for the whole De- 
grees uſed in their ſtead ; but ſuch introduce Error. 
3. The Linear Tables deſcribed in my former 


Treatiſe on that Subject; were originally 2 


by me for taking off theſe and many other | if 42 


LXXXI. 


; Of Linear Table One ; for RefraFion in Diſtance. 


1. This Table is deſigned for taking off the 
Difficulties (and even Errors) that would ariſe in 


expreſſing its Contents after a Numerical manner; 


and at the ſame time for compriſing the whole in 
a ſmall Compaſs, without rendering it leſs correct 9 


or leſs ready for Uſe. 
of Refraction only on the Obſerved Diſtance ; this 
being found and added to the Obſerved Diſtance, 
Clears it from Refraction. Next, the Effect of 


2. This Table is formed of Lines of three kinds, 


which have their reſpective Numbers ſet to them. 


Two of theſe Kinds are ſtraight Lines; the third 


Kind is as near a ſtraight Line as the Subject wil! 
admit; and the Increaſe or Decreaſe of Diſtance 


amongſt theſe Lines, is ſuited for the exact pro- 


portioning of the Whole. 


3. When the Altitude of Sun or Star, the Alti- 
tude of the Moon, and Diſtance of Sun and Moon 
are given; the leſſer of the two Altitudes is to be 

found at the Top of the Table, between Four 

Degrees and Fifty Degrees; and before it, is its 

ſtraight Line going into the Table. The greater 


of the two Altitudes is to be found at the fide of 
1 NE | | the 


5 vaniſh, and therefore the Su 
i 6. 
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Fable, between Eight Degrees and Ninety De- 
rees; and at the Angle of Meeting, amongſt the 
(almoſt ſtraight) Lines croſſing the Table, is the 
Number (by its Line of the third Kind) to be 
taken out of the Table. This is called Number A. 
4. In the Data, there may be odd Minutes 
over and above the whole Degrees, theſe naturally 
carry the Point of Meeting amongſt the Lines 
(at Diſcretion) a little farther than the whole De- 
grees, for the two Altitudes, and when the Point 
of Meeting is found, the Interval of Diſtance be- 
tween it and the neareſt Line of the third Kind, 
ſhews the Number near enough for practical Uſe. 
It might be ſaid that, the neareſt Line to which 
the Point of Meeting falls, has its Number, and 
that may be uſed with but ſmall Error. 


5. The beſt Obſervations that have been wack 


at different Places of the Earth, do prove that, at 


the Altitude of a few Degrees, at Sea, the Re- 
fraction may be different from what it is ſuppoſed 
to be (compared with Obſervations that have been 
made on Land) and that ſuch Differences, may be 
the Cauſes of unexpected Errors, in taking the 
Longitude- by the Tis Method. There are 
Proofs that, as high as Eight or Ten Degrees of 
Altitude, the Refraction has been found (in diſtant 
Climes) different from what it has been for the 


Places the Refraction Tables have been made for. 


At higher Altitudes theſe Differences do almoſt 


o 


I” thod depends on them. _ 


6. From theſe Conſiderations, the Rule for 
taking out a Number from this Table is thus. If 
no great Accuracy is wanted, the neareſt Line of 


the third Kind to the point of Meeting, is ſuffi- 


_ ciently exact. If Accuracy is required, take ſuch 
Parts of Ten, as the Point of Meeting goes be- 
yond the third Line; add it thereto, and with its 
| prefixed Index Iwo, it is the Number to be taken 
out of this Table. , wee 


7. It may be objected that, ſometimes the two 


| Altitudes are ſuch, that the Table cannot be en- 
tered with them, Altitudes that are nearly equal 
are of this Kind, and others; in ſuch Caſes, Ta- 


ble Three is to be applied as directed farther on. 


. Dee 
* Of Linear Table Two ; for Refraftion in Diſtance. i 
I. In order to apply this Table, the Diſtance 
obſerved in Degrees (and Parts of Degree, if 
Accuracy is required) muſt be known, this is called 
Number L. In this Table, oppoſite to Number 


Lis Number B, either additive to or ſubductive 


from 4; this gives the whole Effect of Refraction, 
and which 1s always to be added to Number L, to 
get the whole Diſtance cleared from Refraction. 


Table Three is to be applied thus. 


cceſs of the Lunar Me- $0 into | 
Is the Line of a certain Number of Seconds of a 


Linear Table One, 


LINEAR TABLES. 
1 LIEXUE, | 
Of Linear Table Three ; for Ręfraction in Diftante, 


1. It has been before noted that, frequently the. 
two Altitudes are ſuch, that they will not meet 
within but without Table One. In ſuch Caſes, 


2. With the obſerved Diſtance (called L) enter 


Table Three, and oppoſite thereto is the Number | 


of Seconds of a Degree for the Effect of Refrac- | 
tion; this turned into Minutes and Seconds, and | 
added to the Obſerved Diſtance, ' gives that Di- 
ſtance cleared from Refraction. 8 5 


31 CEP 
/ Linear Table Four; for Parallas in Diſtance. 
1. This is a Table to be uſed at no other time 
but when the principal Effect of Parallax has been 
found, and a ſmall Correction called F is to be 
found additive to or ſubtractive therefrom, to give 


the true Diſtance cleared from Refraction and Pa- 
rallax. This Application belongs to farther on. 
2. Previous to the Uſe of this Table, the 
Moon's Parallax in Altitude muſt be found to the | 
neareſt Minute of a Degree, this is to be found at 


the Side of the Table; the Diſtance in whole De- 


grees is to be found on the other Side of the Table. 
With this Parallax in Altitude and the Diſtance, 


go into the Table, and amongſt the Curve Lines, 


Degree. Alſo, with the principal Effect of Pa- 
rallax in Minutes of a Degree, and the Degrees 
of Diſtance, enter the ſame Table in the ſame 
manner, and take out the Seconds of a Degree 


from amongſt the Crooked Lines. The Difference 


of theſe Seconds is the Correction, either additive 
or ſubductive, as the Rules direct. The ſame pe- 
culiar Advantages attend this Table, as attend 


W * 


FFF 


0 Linear Table Fine; for Proportional Parte. 


1+. In this Table, the Lines marked 1, 1; 2, 2; 
3, 33 &c. do each of them contain Ten equal | 
PE Therefore, if the Diſtance of any Two | 
Lines of the Third Kind, in Linear Table One, | 


be applied amongſt the Lines in this ſmall Table, | 
that Part of the 


2 Table is a Meaſure for Ten of 
theſe Parts ; conſequently, any Number of thoſe 
Parts leſs than Ten, may be thereby readily | 
meaſured to the neareſt Uait, which (as before 


mentioned) need not be, in general Practice. 


LXXXVI. 


| Of Linear Table Six; for Refraction in Diftance. 4 | 


1. This Table is intended as a Supplement or 4 | 
1 Oe additional & 
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Table, to be uſed with Table Two, when either 
of the two Altitudes is leſs than Eight Degrees 
and not under Four Degrees. It is very improper 
to apply the Lunar Method of finding the Longi- 


tude at Sea, when either of the Luminaries has 


an Altitude leſs than Four Degrees ; on Account 


of the Changes that happen in the Refraction, 


between that Altitude and the Horizon, at diffe- 
rent times and places where Ships navigate. 


2. When the two Altitudes are between Eight 
and Four Degrees; the Numbers A and B are to 


be found by Tables One and Two (as before di- 
reed) then, oppoſite to the Diſtance in Degrees, 
in this Table Six, is a Number of Seconds, to be 


added to or ſubducted from Number B (as this 


onal 7 


| 
| 
4 


Table dire&s) to give the true B, which is to be 
added to or ſubtracted from 4 (as ſhewn by Table 


Two) this gives the Effect of Refraction, to be 


reduced and added to the Obſerved Diſtance as 
rr pL Os 
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= Of Linear Table Seven ; for Refraction in Altitude. tons and Subdiviſions into Sixty parts Logiſtics) ; 

theſe are here formed and applied in a manner 
very different from their Application by any other 
Perfon ; and I name them Proper Logarithms, 


1. In findin g the Correction for the true Diſtance 


of Centres of Sun and Moon, or Moon and Star, 


by working with the Angles at Sun and Moon, 


or Moon and Star; it is convenient to have the 
Refraction in Altitude in Seconds of a Degree, 


in order to be the more readily ſubtracted from the 


Moon's Parallax in Altitude in Seconds of a De- 
gree. This Table is therefore of that Form, 


and deſigned for ſhewing the Refraction in Al- 
titude by Inſpection, for all Altitudes of the 


Luminaries that are moſt to be depended on, in 


TTT! - | 

2. This Table is adapted for ſhewing the Mean 
State of Refraction for the Britiſh Channel, in 
Spring and Autumn; and therefore (in conſidera- 


ble Altitudes) may be applied at moſt parts of the 


Temperate and Torrid Zones. 


23. If, at any place on Land or at Sea, the 
Refraction near the Horizon ſhould be taken, and 


found different from what it is in this Table ; if 
it be taken leſs, go forward from the Beginning 
of the Table, if it be more, go backward as many 


7 Seconds as the Difference is; and then from the 
23 obſerved Altitude in the Table, go either forward 


or backward by the ſame Difference of Al- 
titude, and 
quired, J : | 

4+ As ſuch Differences are greateſt near the 


: | Horizon and ſmall toward the Zenith, in conſi- 
derable Altitudes they almoſt vaniſh, and there- 


fore the 


Tabular Numbers themſelves may be 


oppolite thereto is the Refraction re- 
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Of Linear Tables Eight, Nine, Ten, Eleven; for 
Proportionality, in the Lunar Method of finding 
the Longitude at Sea, 1 
1. Theſe are four Parts of one Table, as ap- 

pears by Inſpection; and are diſpoſed in this man- 

ner for the more readily ſhewing the Numbers 

contained in them at one View. "0 
2. The Logarithms which are now generally 

uſed by Mathematicians and Aſtronomers, for 


ſhortening their Calculations, are firſt, Common 


Logarithms, or the Logarithms of Natural Num- 
bers that increaſe in a ſucceſſive Order from Unity 
to four or more Places of Figures; ſecondly, Lo- 


garithmic Sines, 'Tangents, Secants, and Com- 
plements-arithmetical, from the Beginning to the 
End of the 


Quadrant, and in ſome Caſes to the 
JJ EEE Gio: 
3. There 1s a third Kind of Logarithms, which 


are very uſeful for ſhortening Calculations on par- 


ticular Subjects, and they are called Logiſtic Lo- 
garithms (becauſe the Ancients named the Divi- 


becauſe they are proper for ſhortening the Calcu- 


: lation in the Lunar Method of finding the Long1- 
E We ng”, 


4. When it is intended that four Terms ſhall be 
in Direct Proportionality, three of them being 
given, and the firſt and third Terms do each con- 


fiſt of Minutes and Seconds, but the ſecond Term 


is either Unity or any Whole Number, and the 
the Lunar Method of finding the Longitude at | 


Fourth Term is to be of the ſame Kind or Deno- 
mination as the ſecond ; in order to take off the 


trouble of reducing the firſt and ſecond 'Terms to 
Seconds, and a tedious Operation by Multiphca- _ 
tion and Diviſion, theſe Proper Logarithms being 

applied, give the Anſwer by a fingle Subtraction. 


5. Theſe Logarithms become eaſily applicable 5 


with other Logarithms, in Corrections for Retrac- 
tion, Parallax, and others which requires no more 
than four Places of Figures beſide Index, and there- 
fore they are commonly formed of that Number; 


thus they are in this Table. . 
6. From the Order of the Numbers in this Ta- 
ble, it appears that, at its Beginning, the Loga- 
rithms decreaſe very faſt at each Second of a De- 
root but, toward the End of the Table, they 
eep nearer to a ſtate of Equality. On this ac- | 
count, it is obvious that through a great Part of 
the Table, every ſingle Second of a Degree and 
Logarithms for them, are unneceſſary, and that 
every third Second of a Degree, with the cor- 
reſponding Logarithms, are ſufficient for practfeal 


_ Purpoſes, _ 
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Purpoſes, therefore, this is the Order of the Ta- 
ble; nevertheleſs, where great Accuracy is re- 
quired, the logarithmic Differences for each three 
Seconds of a Degree, near the Foot of the Table, 
may be applied for that purpoſe. In the Con- 
ſtruction of this Table, Advantages ſuperior to 
theſe Diſadvantages, ariſe from the laſt Numbers 


in Degrees and Minutes at the Foot of this Table. 


We LXXXIX. 
The Deſcription and Application of the Table of Pro- 
8 per lar 
1. The Top of this Table begins with Nothing, 


and increaſeth from one Minute to another till it 


comes to Three Degrees. 


2. The intermediate Seconds, to every Three 
Seconds of a Degree are in the Side of the Table, 


going on from nothing to three, ſix, nine, to 


fxty Seconds; and near the Bottom of each Co- 
lumn, are the logarithmic Differences, anſwering 


to every Three Seconds of a Degree for near the 


Middle of that Column. 


3. On the Outſide is another Column of Se- 


conds of a Degree, whoſe Differences are alſo 
Three Seconds of a Degree, and which are the 
Mediums between the other Three Seconds. "Theſe 
are for taking out the logarithmic Proportional 
Parts, or the Seconds from the Logarithms, an- 
ſpwerable to the neareſt Second, by Inſpection. 
4.̃. The Row of Degrees and Minutes at Bot- 
tom, increaſing from Nothing to Forty-five De- 
grees, is for ſaving the Computor the Trouble of 
making ſeveral Reductions, which otherwiſe hne 
might be neceſſitated to make, in the Application 
of this Table to the Lunar Method, and at the 
ſame time the Concluſion hereby becomes more 
accurate, on account of the Parts that might be 


loſt through Reductions. 
Rules for taking out the Proper Logarithms. 


and Minutes are found at the Top of the Table, 


and the Seconds can be had exactly in the inner- 
moſt Column at the Side, the Proper Logarithm 
thereof is at the Angle of Meeting in the Table, 
wioth its prefixed leading Figure next above it. 
24. When the Seconds are found to Half a Second 


in the Outermoſt Column, the Medium of two 
Proper Logarithms at the Angle of Meeting in 


the Table, is their Logarithm. Hence it follows 


that, Proper Logarithms to the neareſt Second, 
and the contrary, may be readily taken out of 
earn | 


6. Since the inner and outer Column of Se- 


conds do exhauſt all Numbers in the Table to the 
nrareſt Half Second, the carrying of the whole 


* 5 


%%% u TEE TT, 
3. When Seconds either of Time or of Degrees, ; 


Number of Seconds appear in the Table, and the 


are given; alſo, may be taken out Degrees and 


ſpection, the Moon's Parallax in Altitude, to leſs 
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Table to every Second, would have been unneceſ- the 


ſary, and have introduced a Repetition of the an- 


ſame Logarithms, through the latter Part of the Ca 
Table, without any Signature for the exact Se- 
cond to which they belonged. By this Method of the 
Triſection, ſuch are avoided, Foy a much readier fro 
Uſe 1s introduced in their ſtead. e444? 
ES - rs -... Wa 
Of Linear Table Twelve ; for Reduction, either of be 
Hours, Minutes and Seconds of Time, to Seconds of, 
Time; or of Degrees, Minutes and Seconds, to to 
M____PSs: e i ir 


1. This Table begins at Nothing and goes on 70 
either to Three Hours by every Minute of Time; * 
or otherwiſe to Three Degrees by every Minute of an 


a Degree; and oppoſite to either of them is ſnewn, 
either the Seconds of Time, or thè Seconds of a e 
Degree, by Inſpection. Therefore 

2. When Hours, Minutes and Seconds, either 
of Time or of Degrees, are given to be turned 
into Seconds; take out the Seconds for the Hours 
and Minutes, or for the Degrees and Minutes, 
and add thereto the odd Seconds, this gives thße 


* —+ 
SYS 0 hes WR On is 
by 78 : 


are given to be turned into either Hours and Mi- 
nutes, or of Degrees and Minutes, the next leſs 


Hours and Minutes and Degrees and Minutes oppo- f 5 
ite to them; theſe Seconds taken from the given h. 
— 5 F 


Of Linear Table Thirteen ; for Neductions, from I tc 
Notbing to Three hundred and ſixty Degrees, or I 
Twenty-fonr Hours of Time, 


1. This Table goes on to Sixty Degrees ſhew- IM © 


ing the Hours and Minutes of Time; alſo, to : 
OP a + Sixty Minutes of a Degree, ſhewing the Minutes * 
_ 5: "+. In uſing this Table, when the Degree® and Seconds of Time. Then, it goes on by Ten 


Degrees, ſhewing the Hours and Minutes of Time. | 
Hence, from this Table may be taken out Time 
for Degrees and Minutes of a Degree, when they 


Minutes of a Degree, and Minutes and Seconds 
of a Degree, for Time when it is given; and in 
many Caſes almoſt by Inſpe&ion. _ _ 
5 . l he 
Of Linear Table Fourteen ; for the Moon's Parallax © 
in Attitude, the Altitude and Horizontal Parallax 


fad » 


being given, 


1. This Table is deſigned for ſhewing by In- 
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ef- than Five Seconds of a Degree, when the Altitude 

the and Horizontal Parallax are known; and in ſome 

the Caſes to greater ExaQneſs. 8 | 

yo 2. The Degrees of Altitude are to be found at 
0 


the Top of the Table, and the ſlant Lines coming 
from the Degrees of Altitude downward, belong 


nutes of the Moon's Horizontal Parallax, and the 
Horizontal Lines joining their equal Numbers, 
belong to them. | 5 22k 

3. When the Moon's Altitude is given, it is 
to be found at the Top of the Table, and when 


at the End; and at their Angle of Meeting is a 
Point amongſt the perpendicular ſhort Lines, be- 


$ required. - 3 5 | | 
4. In this Table the ſhort perpendicular Lines 
are for every Sixty Seconds of Parallax in Alti- 


ęgof by Inſpection to a Twelfth Part thereof, this an- 
Accuracy is required, it may be had from this 


Table, by applying a little more Attention. This 
Table will be of very great Uſe on many Occaſions 


. Jin the Practice of Aſtronomy both on Land and 
J —-—•ʃw 
1 WY F. When the Moon's Altitude is taken on the 
; Meridian (or what generally amounts to the ſame 
4 thing, her greateſt Altitude is taken) in order to 
Van i have the Latitude thereby, that Altitude muſt be 


cleared both from Refraction and Parallax in Al- 


ſpection in the foregoing Table, and the Seconds 
tor Parallax in Altitude by this Table, and their 
Difference is the Correction required. Farther, 


5 C8, uy Nautic Tables, it is ſhewn how to 
en. take the Moon's Horizontal Parallax, and her 
0 Semidiameter is F the rh thereto ; ſo theſe 
ates may be conſidered as always given, and at times 
Ten when her Declination is not tabulated, it is ex. 
me, Preſſed by her Angular Diſtance from the Sun and 
ime ther Data in the Day-time, and by like Data in 
they the Night, with her angular Diſtance from the 
r˙1˙0q[ͤm 
* 7. As this Table is applicable for clearing the 
Moon's Parallax in Altitude on the Meridian, ſo 


is it for the ſame purpoſe out of the Meridian; 


the Latitude and the Longitude itſelf depends 


Dip, Refraction and Parallax in Altitude, this 


pared for Spherical Computations, with the Sun, 
Planets or Fixed Stars, . 


to them. At the Ends of the Table, are the Mi- 


the Horizontal Parallax is given, it is to be found 


I tween two numbered Lines, one of which is greater 
and the other leſs than the Parallax in Altitude 


Itude; and the Point of Meeting may be judged 


ſwers to Five Seconds of a Degree; if greater 


titude; the Seconds for Refraction are ſhewn by In- take 
the Number from Table One; alſo, with the 


and as ſuch Data may be often applied for finding 5. AC | 

pram a * 4 P "S corrected for Refraction, the Co- ſecant of Moon's 
thereon, it is of no ſmall Uſe in Nautical A ſtro- 
nomy. Hence, at any time let the Moon's Alti- 
tude to be taken, and cleared from Semidiameter, 


will give the true Altitude of her Centre, pre- 


' LINEAR TABLES. 

x XCLI. 

Of the Rules which are to be obſerved, in computing 
the true Diſtance of Centres, either of Sun and 
Moon, or of Moon and Star; and the Data for 

that Purpoſe. Le TO . 

1. When the true Diſtance of Centres of the 
Luminaries is to be found by Computation, there 
muſt be given three things; firſt, the Altitude of 
the Sun's Centre cleared from Dip and Semidi- 


WO 


ameter, when the Sun is obſerved ; or Altitude of 
the Star cleared from Dip, when a Star is ob- 


ſerved; ſecondly, the Altitude of the Moon 
cleared in like manner ; and thirdly the obſerved 
Diſtance, If the Method of Computation is by 


Sun and Moon's Angles, the Luminaries muſt. 


likewiſe be cleared from Refraction in Altitude. 
Rules for Calculating the Longitude, having Sights 
e Sun and Moon and the Linear Tables. 
Third general Method of finding Longitude at Sea, 
1. 'To the obſerved Diſtance of the neareſt 
Limbs, add Half a Degree, the Sum is the Rough 


Diſtance of Centres, with which from the Ephe- 
meris take the neareſt Hour, and it is the Rough _ 


Hour for the Meridian the Ephemeris was made for. 


23. With this Rough Hour, take out the Moon's 


rue Semidiameter and her true Horizontal Pa- 
rallax. Acd together, the ol ſerved Diſtance cf 


Limbs, the Sun's true Semidiameter, the Moon's 
true Semidiameter, and Seconds for Moon's Alti- 
| tude, the Sum is the obſerved Diſtance of Centres. 


3. With Sun and Moon's Altitude, take out 


obſerved Diſtance of Centres, its Co-ar. from 


Logarithms, and add them together, their Sum 
is a Common Logarithm, whoſe Natural Number is 


A. With the obſerved Diſtance of Centres, take 
its Number from Table Two, and apply it to the 
former (either by Addition or Subtraction as di- 

rected) this gives the Correction for Refrattion. 


Add this to the obſerved Diſtance of Centres, tle : 


Sum is the Diſtance corrected for Refraftion. 
4. Add together; the Sine of the Diſtance 


corrected for Refraction, the Co- ecant of Sun's 


Altitude, and Proper Logarithm of the Moon?s Ho- 


rizontal Parallax; the Sum, (rejecting Tens in the 
Index) is the Proper Logarithm of Arc the Firſt. 


5. Add together; the Tangent of the Diſtance 


Altitude, and Proper Logarithm of the Moon's Ho- 
rizontal Parallax ; the Sum (rejecting Tens in the 

Index) is the Proper Logarithm of Arc the Second. 

6. Add the Arcs together when the Diſtance 
corrected for Refraction exceeds Ninety Degrees, 
otherwiſe Subtract one from the other, this gives 
the Correction for Parallax When the firſt Arc 
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is leaft of the two Arcs, and at the ſame time the 
Diſtance corrected for Refraction is under Ninecy 
Degrees, add the Correction for Parallax to the 
Diſtance corrected for Refraction; but otherwiſe, 
ſubtract it from that Diſtance, this gives the True 
Diſtance of Centres nearly, whenever the Diſtance 
is great, or Moon's Altitude great. 8 
7. For ſhort Diſtances or ſmall Moon's Altitude 
or both; either from Linear Tables or from Nau- 


tic Tables, or by Calculation, take the Moon's Pa- 


rallax in Altitude, to one or two Minutes of a De- 
gree; with this and the Diſtance take the Seconds 


from Table Four. Alſo, with the number of Mi- 
nutes for Correction of Parallax, and the Degrees 


of Diſtance, take the Seconds from the ſame Table, 


and the Difference of thoſe Seconds is the final Cor- 


rection, to be added when the Diſtance corrected 1s 
under Ninety Degrees, but if otherwiſe to be ſub- 


tracted ; this gives the true Diſtance of Centres. 
8. From amongſt the three hourly predicted 


Diſtances in the Ephemeris, take two ſuch Di- 


ſtances following each other, ſo that the true Di- 


ſtance falls between them. Take the Difference 


between thoſe two three hourly Diſtances ; likewiſe 
the Difference between the true Diſtance and the 
firſt of three hourly Diſtances, and take the Dif- 


ference between the Proper Logarithms of thoſe 


two Remainders. Find this Difference in Pro- 
per Logarithms, and at Bottom is a Number of 
Degrees and Minutes, to this add a fourth part of 
as many Seconds as are in the Side of Proper Lo- 
garithms calling them Minutes, and alſo add the 
firſt of the two Times in Degrees; the Sum of 
theſe three is the Time paſt Noon at the Epheme- 
ris's Meridian, in Degrees and Minutes. 
9. Take out the Sun's true Polar-diſtance for the 


true Hour thus found at the Place the Ephemeris 


Was made for; with this, the Co-latitude and tbe 
Sun's Co- altitude find the Solar Time as before 
directed, and they will be the Degrees and Mi- 
nutes paſt Noon for an Afternoon Obſervation at 


the Ship, but ſhort of Noon for a Forenoon Ob- 
tervation at the Ship. The firſt is known by the 


Sun's increaſing and the latter by decreaſing in 
gy a aa „„ El 
10. In a Forenoon Obſervation at the Ship, 

add the Times thus found at the Ship and for the 

Ephemeris together, their Sum is Weſt Longitude 

from the Ephemeris's Meridian. In an Afternoon 


Obſervation at the Ship, take the Difference of 


thoſe two Times and the Remainder is Eaſt Lon- 


gitude when the Ship's time is greateſt but other- 


wiſe Weſt Longitude. When the Weſt Longitude 
_ exceeds One hundred and eighty Degrees, ſubtract 


it from Three hundred and ſixty Degrees, and the 


| | Remainder is Eaft Longitude in Degrees and Mi- 


nutes, 
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XCV, 


Rules for calculating the Longitude having Sights of 
Moon and Star, and the Linear Tables. 


Third general Method of finding Longitude 
at Sea. | 1 


1. To the obſerved Diſtance of the Moon's 
neareſt Limb, add a Quarter of a Degree, the 
Sum is the Rough Diſtance of Centres. From the 
obſerved Diſtance of the Moon's fartheſt Limb, 
ſubtra& a Quarter of a Degree, the Remainder is 
the Rough Diſtance of Centres. With either of 
theſe, from the Ephemeris, take the neareſt Hour, 


and it is the Rough Hour for the Meridian the 


Ephemeris was made for RX. 
2. With this Rough Hour, take out the Moon's 


true Horizontal Parallax. Alſo, take out the 
Moon's true Semidiameter and Seconds for Moon's 
Altitude, and their Sum add to the Diſtance of 
neareſt Limbs; but their Sum ſubtract from the 
Diſtance of fartheſt Limbs; this gives the ob- 


ſerved Diſtance of Centres, Then, 

3. Proceed exactly the ſame as was done for 
Sun and Moon, until the true Diſtance of Star 
and Moon are found. With this and the Star and 
Moon's three hourly Diſtances, proceed 'as with 


Sun and Moon, until the Time is found for the 
Place the Ephemeris was made for, in Degrees F 


and Minutes pat Noon... 
4. Take out the Star's true Declination and 


Right Aſcenſion. Then, proceed with the Co-la- 


titude, the Star's Polar-diftance and Star's Co-al- 


titude, as was directed for the Sun; this gives the 


Star's Equatorial Diſtance paſt the Meridian when 


its Altitude is leſſening; and ſhort of the Meri- 
dian when it is increaſing.  _ 5 


5. Compare together, the Star's Diſtance from 
the Meridian, the Star's Right Aſcenſion and the 
Sun's Right Aſcenſion, and thereby get the Sun's 


Equatorial Diſtance from the Meridian, this is 
the Solar Time at the Ship either paſt Noon or | 


ſhort of Noon. Compare this (as by Sun and 


Moon) with the Time at the Place the Ephemeris 
was made for, this gives the Ship's Longitude, 


e 


Nules for calculating the Longitude , having Sights of 


| Sun and Moon, the Linear Tables, and a Watch. 
Third general Method of finding Longitude 
j oo = ET, 


I. In this Method, it is neceſſary firſt that the 
Watch be accurately ſet either to Solar or Mean 


Solar Time for the Meridian of the Ship ; ſecond- 
ly, that it keeps Time correctly; thirdly, os 


4 Ww mr» 2 eee 


A 00 


out for that Hour. 


RULES OF LONGITUDE. 


the Ships Change of Longitude after it is ſet to 
the Time of Obſervation for Longitude be cor- 
realy known and allowed for. Then, | 

2. By the three cotemporary Obſervations the 
Time at the Place the Ephemeris was made for is 


had as before for Sun and Moon; and the Sum 


or Difference between it and the Time ſhewn by 


the Watch, is the e of the © 7860 the 


Watch was et for. 
XVII. 


Rules for calculating the Longitude, having Sights 
of Moon and Star, the Linear Tables and a Watch. 


Third general Method of finding Longitude 5 


at Sea. 
1. In this Method, it is neceſſary that the Watch 


be ſet as before mentioned. Then, having the 


three cotemporary Obſervations the Time for the 
Ephemeris's Meridian is found as before, The 
Watch, with proper Allowances (as beforemen- 


tioned) ſhews the Time for near the Ship. The 


Sum or Difference of theſe Times is the Lon- 5 
> 2. By the obſerved Co-altitudes and the — 


gitude. 


2, In Night Obſirnitions, when the Star's Al- 
titude cannot be eaſily nor correctly taken; the 
Watch is for ſupplying ſuch Defects; but, even 
then ſhould the Star be not very near the Meri- 

dian, a ſmall Error in its Altitude will produce 
no great one in the Ship's Time inferred there- 
from; and if the beſt methods are applied for 


taking that Altitude, it will be near the Truth, 


and then there will be leſs dependance on uncer- 
. N Wa _ ariſe 1 in applying the Watch. 


XCVIII. 
"wade for correcting the Hori zontal 0 


1. When the Rough Hour. is aſſumed, the Moon's 


Semidiameter and Horizontal Parallax are taken 


ing Figures, the true Diſtance of Centres will be 


eaſily had, and by provecding: thus, the true Lon- | 


gitude. 


2. If the Common Method by n of a SY 
be applied, it will be thus. 


gitude muſt be known ſomewhat near the Truth; 


that accuracy. 
known, ſomewhat near; this preſuppoſes ſeveral 
things found which are ſought. 34. The Watch 
may not be ſet right by the Obſervation. _ 47h. It 
may not go right. 575. The Courle may not be 
truely known. 6th, Nor the Vari lation. 7tb. 


_ otherwiſe ſubtractive. 
ſerved Diftance, clear it from Refraction and Pa- f 
rallax nearly. 

When the true Hour is found, 

it may be greater or leſs than the aſſumed; there- 
fore, the true Hour may be put for that firſt 
aſſumed, and by altering a very few of the end- 


1/t. ” The Ship's Lon- 
rithms. 
this preſuppoſes the Longitude already known to 
2d. The Ship's Time muſt be 
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Nor the Diſtance truly meaſured. All theſe may 
contribute toward Error through uſe of the Watch; 
whilſt the cotemporary Obſervations alone, by the 


foregoing Method, expunge all thoſe Errors, and 
I give * true — 


XCIX. 
Rules for calculating the Longitude, having  Sighes 
of Sun and Moon, Common Logarithmic T ables and 


a Table of Refrattion in Altitude. 


Third 1 882 Method of finding Longitude 
CY TO Sea. 


1. Get the Rough Hour 4 at the Moon's 


Horizontal Parallax and true Semidiameter as be- 
fore. 


Alſo, get the Sun's Altitude cleared from 
Semidiameter, Dip and Refraction, and the 
Moon's Altitude cleared from Semidiameter, Dip, 
Refraction and Parallax in Altitude, reſerving the 

Difference between the Sun's Refraction and his 


Parallax in Altitude, and between the Moon's 


Refraction and her Parallax in Altitude. 


ſerved Diſtance, get the Angle at the Sun and 
the Angle at the Os. each in Degrees and 


| Minutes. 


. As Radius, to the, ons reſerved Difference. 


for the Sun ; ; ſous Co-fine of the Sun's Angle, to 


2 Number of Seconds, for the Sun's Correction. 


As Radius, to the above reſerved Difference for 
the Moon; fo is Coſine of the Moon's Angle, to 


a Number of Seconds, for the Moon's Correction. 
4. When the Sun's Angle is under Ninety De- 


grees, its Correction is additive; but otherwiſe 
ſubtractive. 


When the Moon's Angle is above 
Ninety Degrees, its Correction is additive; but 
Theſe applied to the ob- 


As Radius, to Sine 4 Moon” J Angle; 3 lo is : 


the reſerved Difference for the Moon, to a fourth 


Number in Seconds. Then, As the Diſtance in 
Seconds, to this fourth Number; fo is this fourtn 
Number to twice a final Correction in Seconds; 


whoſe Half is additive when the Diſtance is under 
Ninety Degrees, but otherwiſe ſubtractive; this 
gives the true Diſtance of Centres. 


laſt Proportions, are readily worked by Loga- | 
Hence, 
6. When the Diſtance is not wich greater nor 


leſs than Ninety Degrees, the final Correction 
is not wanted; but otherwiſe, it will be thus. 


Add together, the Log. Sine of the Moon's 
Altitude and the Common Logarithm of the re- 
ſerved Difference in Seconds, double the Sum and 
ſabtract therefrom ths Common Logarithm of the 
N Diſtancs 


Theſe two * 


Rules for calculating the Longitude, having Sights 
% Moon and Star, common Logarithmic 7. ables, jr cam de knows..." Conki the Bhis natalie. x cox. 
ſiderable while at reſt and Obſervations be re- 
peated with the ſame certainty as on Land, its 
gaining, loſing or equality might be diſcovered; | 
but, as things are at Sea, the Ship's change of 


Rules for calculating the Longitude by Sun ad Mw; 
Angle; hawing Sights of Sun and Moon, and a 
Match accurately ſhewing Solar Time at the Ship. 
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Diftance in Seconds; reject all Tens in the Re- 
mainder, this is the Common Logarithm of a 


Number; Half of which is the final Correction, 
to be added when the Diſtance is under Ninety 


Degrees, but otherwiſe to be ſubtracted, to give 


the true Diſtance of Centres. | 
7. From amongſt the three hourly predicted Di- 
ſtances in the Ephemeris, take two ſuch Diſtances 


_ following each other, ſo that the true Diſtance falls 


hetween them. Take the Difference between 
thoſe two three hourly Diſtatices ; likewiſe, the 


Difference between the true Diſtance and the firſt 


of the three hourly Diſtances. Then, As the Dif- 


ference between the two three hourly Diſtances in 
Seconds, is to the Minutes in Forty-five Degrees; 
ſo is the Difference in Seconds between the firſt. 
three hourly Diſtance and the true Liſtance, to a 
number of Minutes, which turned into Degrees, 
and added to the firſt of the three hourly times 


in Degrees, gives the Degrees and Minutes palt 
Noon at the Place the Ephemeris was made for. 


38. Find the Time at the Ship as before for 
Sun and Moon, and then by the two times (as 
before) the Longitude. e 


©. 


Mt; Table of Refraion in Altitude. 


Third general Method of finding the Longitude | 


N at Sea. 


I. Here the Rough Hour, Moon's Horizontal 
Parallax and true Semidiameter, are taken out as 
for Moon and Star, in competing by the Linear 
Tables. Then, the Calculation 1s as before for 

Sun and Moon, until the true Diſtance of Centres 


is found and the Time at the Ephemeris's Place. 


2. By the Co-latitude, the Star's Polar-diſtance 
and the Star's Co-altitude, the Star's equatorial 
Diſtance from the Meridian is found (as before by 
Linear Tables) and then the Time at the Ship. 
The Sum or Difference of the two Times, is the 


CI. 5 


1. The true Diſtance of Centres is to be found, 


as by the Sun and Moon's Angles; and then, the 
Time for the Ephemeris's Place, as before. 


2. The Watch is to ſhew the true Solar Time 


at the Ship, and the Sum or Difference of the 


two Times is the Longitude. 


nblLES FOR LONGITUDE. | 
'> 1 rn 


Rules for calculating the Longitude, by Star and | 


Moon's Angles ; having Sights of Star and Moon, 


and a Watch accurately ſhewing Solar Time at the 


Ship. 


1. The true Diſtance of Centres is to be found | 
as by the Star and Moon's Angles ; and then, the 


Time for the Ephemeris's Place, as before. 


2. The Watch is to ſhew the true Solar Time 


at the Ship, and the Sum or Difference of the two 
Times is the Longitude. 5 e 


CIII. 


N 
f 


Of 2 zrore that | may happen, In depending on the d 


Watch for fhewing true Solar Time at the Ship. 


1. When a Watch has been carefully regulated, l 


Meridians, the variable Refractions, the Dips, 


the want of knowing both Latitude and Longi- 
tude correctly, for taking out the Declination (and 
it may be, the want of proper Opportunities for 
obſerving) are againſt the moſt diligent and able 


Obſerver. Farther, 85 55 


3. Whilſt it is at Sea, and is either carefully | 
kept in Cotton, or in the Side-pocket, it may 


be queſtioned, what Effects the Poſitions and Mo- 
tion of the Ship may have on it at different 


times? what Effects from different quantities | 
of Heat, Cold, dry or moiſt Air? what caſual ! 
Accidents it may have undergone, and what have 
not been noted? The Minutes of Time in a Day 
are Fourteen hundred and forty, ſhould: the Watch 
gain or loſe but One of theſe Minutes in a Day, 


it is a Quarter of a Degree of Longitade ; and 
that may ariſe from no more than a Fourteen 
hundred and fortieth part of its Motion, accele- 


rated or retarded in that Interval, through any | 
"Accidents. e ö 
4. Whether the Watch keeps true Solar Time 


in order to go at Sea, it has been regulated to 
Fqual Time, and generally that is Mean Solar 
Time. Afterward, at Sea, this is the Time it is 

ſuppoſed to keep, whether ſhort or long Intervals of 

Time are mcaſured by it; and fo it goes on, till it is 

to be applied for ſhewing Solar Time at the Ship. - 
23. Whilſt the Watch is going at Sea, it may 
or it may not keep accurately to Mean Solar 
Time. If it ſhould happen to keep to Equal Time, 
there is no Standard nor Method at Sea, whereby | 
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| making the three Cotemporary Obſervations ; and 
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tion, the Altitude of the Sun can be taken, but 


the Latitude of the Place may not be correctly 
known, nor the Sun's Declination (unleſs the Lon- 
gitude and Ship's Time be known within certain 
Limits) theſe may produce Error. 

After the Watch is thus ſet (or rather after 
an Obſervation has been made for knowing the 
Hours, Minutes and Seconds, it is before or after 
Solar Time at the Ship) there muſt be Allowances 


for its gaining or loſing (if any); for the Courſe 


and Diſtance failed ; for the Variation, and other 
Things that incumber the Data to the Time of 


what Errors may ariſe from ſuch a Complication, 
is not eaſily to be determined. After all, the 


Longitude ſhewn is for the Meridian where the 
Watch was either ſet or examined, and ſhould the 
Ship run faſt and a long Interval, the Diſtance 


therefrom may be conſiderable. 
6. This Method of ufing a Watch to ew Time 


at the Ship in a Night Obſervation, has a better 


f 8 appearance, becauſe the Horizon is often obſcured 


is in the Night; nevertheleſs, it may be obſerved 
that all the former Errors may attend the uſe of a 
= Watch in the Night Obſervation, and beſides 
Z theſe (under certain relations of the three cotem- 
porary Obſervations to each other, and ſuch as 
gs frequently happen) the Altitudes muſt be corre 
as well as the Diſtance, or the Error ariſing from 
- | one may be as great as that intended to be cor- 
= rected by the other; and therefore, the Study of 
getting correct Altitudes ſeems 8 this n to BY 
1 be of great A 2642” ; 


cv. 


q 1 for illuftrating the Caſe of fading ah T 


true Diftance of Centres, having the three cotem- 
ora Ober vation, and the Moon's Horizontal 
Parallax given; taken from the Author? 5 T mage 


; : on the Linear Tables. 


1. In theſe Examples, the Numbers from ** 


near Table One, and from Co- ar. are to three 5 


Figures each beſide Index. And, 


2. In uſing the Linear Tables, the Co- "= 
of Sun's Altitude and Co-ſecant of Moon's Alti: 
tude, are both cleared from Refraction in Altitude. 
The firſt arid ſecond Arcs, are found by the fore- 
going Precepts. The other Steps come of courſe. 
9 5 In computing by Sun and Moon's Angles, 

or Star and Moon's Angles, M is the Angle at 
the Moon, & the Angle at the Sun or Star; A the 
Correction at the Moon's Angle, B the Correction 

at the Sun or Star's Angle. The other TN” 


come of courſe. 


4. When the two Altitudes are ſuch, that they vin 
| not meet within, but without the Table One; then, 
with the obſerved Diſtance of Centres, the whole 
Effect of Refraction is taken from Table Three. 
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EXAMPLE I. 
« Diſtance obſerved n 


Star's Altitude 24 5 
Moon's Altitude 12 30 5 
Moon's Hor. Par. 0 55 15 
Required the true Diſtance of Centres? 
By Linear Tables. 


Ne Table I. 2.136 
Co. ar. of Diſt. o. 107 
175” Log. Sum 2. 243 


87 in Table II. , 5 By Sun and 
88 Correction 0. 128 Moon's Angles. 
_ Diſt, 51 28 35 r 
0 
ift Arc „ * 8 1134” 
2d Arc o 9 38 . 
DO. o 20 29 0. 8 19-2 
D. zi 30 3 5. 51 28 35 
VVV 
IF; 0 o 20 . 
P. 51 9 54 * 353- 
Puy different Methods. „ 
1. By the Linear Tables 51 o 54 
2. By Sun and Moon's _ „ 
3. By Mr. Lyons himſelf e 
4. By Ditto altered nr 
5. By Mr. Dunthorne himſelf i 
8 "7 Vito atered 95 51 9 51 
E x A M P L E. u. 5 
oh « Diſtance obſerved 90 a1' * 
Star 's Altitude 84 7 - 
Moon's Altitude 5 i; 
Moon's Hor. Par. 1 2 
1 the true Diſtance of Centres 2 
Buy Linear Tables. 


Ne Table I. 2.758 5 

Co. ar. of Diſt. o. ooo | 
3“ Log. Sum 2.758 „ͤ 

Le che., „ö; + Tx 


N 73 Correction 0 A | Moon's -%.e i | 
| JJ 64S -- 
D. 90 30 Rn. 17 20 
it e i 1 29-- 3 1. Lt 
| 2d Are 1 . [= 
+ © - 4:48: e 8 54 
JC 
J E 89 29 19 
F.. 0-0 3 00: 
P. 89 29 14 P. 89 29 is | 
y digerent Methods. 
1. By the Linear Tables 89% 29˙ 14˙ 
2. By Sun and Moon's Angles | rg 
3. By Lyons altered 89889110 
4. By Dunthorne altered 89 29 20 


35 By Ditto ”= altered 89 29 15 


3 
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48 REFRACTION AND PARALLAx. 
EXAMPLE III. 


ce Diſtance obſerved 110 22' 5"? 
Sun's Altitude K-43 Þ 
Moon's Altitude . 

Moon's Hor. Par. o 57 19 

Required the true Diſtance of Centres? 


By Linear Tables. 
No Table 13 3 4.16 
Co. ar. of Diſt, 0.028 
155" Log. Sum 2.191 


41 in TableIL, , > By Sun and 
196 Correction 0 3 10 Moon's Angles. 
Diſt. 110 22 5 M. 199 38' 
. tien -23- e 
1ſt Arc o 43 39 Ao ages. 98 
2d Are 0 7 12 „ 4 
JJ) 007: 8 
JJ Rees 5; ks: Bl 
F. io 34 %% ie,, - 
„ 0 04: „F 08: 
Bc 209 34.23 Wc 109 34 26 
. By different Methods. 
1. By the Linear Tables 1092 34 28" 


2. By Sun and Moon's * 109 34 26 


REFRACTION AND PAR ALLAx. 
"EXAMPLE V. 
280 14 39” 


* Diſtance obſerved 
Star's Altitude 
Moon's Altitude 
Moon's Hor. Par. 


20 


1 4 


an 38 4 


FL 30 
Required the true Diſtance of Centres. 


By Linear Tables. 


Wu Table HE 0 0430: 


By Sun and 
Moon's Angles. Ne 


Diſt. 28 14 39 M. 820244 Co. 
D. 18 15 9 8. 87 22, 165 
1ſt ee 0 40 22 - "Ms 395 | BIS 
2d Arc o 33 26 . 141 
| C. O 6 56 5 5 © © 0 6 7 | h 
1. 23:14 0: D. 28 14 39 
r F. 28 8 12 
F.“ d 0 F. o 0 44 
n 1 — IE 8 9e 
ny different Methods. 
1. By the Linear Tables 285 85 $5” 
2. By Sun and Moon's n 28 8 50 


3. By Lyons are 


EXAMPLE VI. 


28 * 


* "OF OO altered 


109 34 26 


EXAMPLE Fe. 


«c - Diftancs obſerved _ 


5 „ 


4” 


& Diſtance obſerved 


| Star's Altituds dy _ 

Moon's Altitude 55 56 ü . . 

FVV. Qt. 
Required the true Diſtance of Centres 75 


By Linear Tables. 


FFT 
- :Eo. ar. of Diſt. 0.16 


214" Log. Sum 2. 5 


ii ee ,, - By Sun and-: 
123 Correction 9 2 3 | Moon's Angles, | 
6 8 48: M. 11748“ 
D. o 0 % 8. 31 42 
iſt Arc o HV] 924 ; 
"24 Att 0 41 29... - B 3) 
OA: i:6 ow: -: 
f $6... 50 © 5 
E. $0 „%% Ki g0' 20 22 
„ F, od 5 
P. 50 26 30 | P. IT 26 27 
VBy different Methods. bs 
Is By the Linear Tables gre” 6 30" 


2. By Sun and Moon's — 50 26 — ; 
50 26 29 
50 26 988 


3. By Lyons altered + 
4+ * Dunthorne altered 


„ 


2 1 
Sun's Altitude 0 y 5 | 
Moon's Altitude OS Eon 
Moon's Hor. Par. 5 $8. 
| Required the true Diſtance of Centres = 
» Linear Tables. 5 
No Table 1. 2.136 


. in Table II. , , 


39 47 


» Correction © 1 34 5 
Diſt. 59 25 5 5 


Co. ar. of Diſt. | 0.065 5 
159“ Log. Sum 2.201 


” By Sun = 


Moon's Angles. | 


Ne 35” 4 1 i 
NON ** fl E 


iſ a 0 9 48 . 2 
24 Arc; om 4 - B. wht 
) ꝶ᷑ h 
D. % ꝶ éPüſ . 59 55 34 
E. 58 4322 E. 38 43 22 
„„ 1 a ; 8 F. o 8 5 
P. 58 43 20 P. 58 43 27 
By different Methods. = | 


3» Tm n * 


1. By en e, 4 
2. By Sun and Moon? s Angles 58 43 27 WM 2 


* 3 
EXAMPLE. 
id . 5 * 


580 43 29 
"T0 4329 iN 2 


' REFRACTION AND PARALL Ax. 
EXAMPLE VI. 
c« Diſtance obſerved 43 35 a” 


Star's Altitude 11 
Moon's Altitude 9 o 6 
Moon's Hor. Par.  o 54 42 
Required the true Diſtance of Centres? 
By Linear Tables. 
Ne Table I. 2.052 
Co. ar. of Diſt. 0. 161 
163“ Log. Sum 2.213 
s in Table II. , , „ By Sun and 
15 Correction 0 0 45 Moon's Angles. 
| Diſt. 43 35 42 M. 8343 
+43. 39. 27. . 
Iſt 1 0.16-24- A. 319“ 
2d Are J ny 
„ % 1 
I + oe. 4 09 - D. 43 35-42 
=  #+ 43 30 8 43 30 34 
1 F 0 0.40: L, 050 5 
VVV 
1 By different Methods. 
1. By the Linear Tables 43 31“ 30 f 
22. By Sun and Moon's Angles e 
* #7 Atronomer Royal 85 31 2 3 
FA E x A M P L * vm. 
= £ Diſtance obſerved | 290 24 FA . 
= _ Star's Altitude 49 57 4 
# | Moon's Altitude 64 19 4 
 _, Moon's Hor. Par. 0 57 
= ” Required the true Diſtance of Centres? 
d | 3 By Linear Tables. By Sun and 8 
es. „ N. Table HE o o 31 Moon's 2 
F Diſt. 29 24 46 M. 42 4 
LN D. 29 25 17 8. 95 19 
330 „„ 8 1602" 
70 2dArc 1 17 34 = 2 
> "6. 9 87-10; 8 46 44 
340 . + D. 29 24 7 
„ 28 88 E. « 38 58 2 
8 8 „E. . 8 
7 P. 28 58 5 F. 2 8 9 
= | By different Methods. | 
g" 1. By the Linear Tables 2:80 58“ 8“% 
7 2. By Sun and Moon's Angles 28 58 9 
93. By Wucnelt's Method 2" 207 $8 11 


REFRACTION AND PARALLAX. 4s 


EXAMPLE IX. 
ee Diſtance obſerved 622 23“ 59“ 
Star's Altitude 18 42 6 
Moon's Altitude 47 42 6 


Moon's Hor. Par. 0 57 
Required the true Diſtance of Centre, ? 


By Linear Tables. 


No Table I. 2.188 
Oo. ar. of Diſt. | 0.052. 
174 Log. Sum 2.240 9 | 
$8 in Tavleil,., , By Sun and | 
116 Correction 0 1 56 Moon's Angles. | 
, 1 r 
JJ © + } Doron Wy ee 
itt Arc o 20 36 2X 84” 
2d AC 02853 3 116 
24. -@: 1 #7 „„ 
D. 62 25 55 04 24 $6 
E. 62 27 22 Ds 08 27 19-- 
„„ 0 4$ EL, BT» 
P. 62 27 27 5 62 27 24 
oe. By different Methods. 
1. By the Linear Tables 62 27 * 
2. By Sun and Moon's Angles 62 25 24 
1 By Witchell's Method 62 27 * 
5 EXAMPLE x. . 
00 ; Diſtance obſerved _ 85 „ 
Star's Altitude . 3 2 
Moon's Altitude 30 5 
Moon's Hor. Par. 1 0 0. 


e the true Diſtance of Centres = 
By Linear Tables. 


No Table I, 2.480 
Co. ar. of Diſt, ©.,002 
303" Log. Sum 2. 432 ) RT 
_ gin Table 3 By Sun and 
” 294 Correction o 4 55 Moon's 12 
„„ Ja [ob N M. 87 6“ 
3 7 "Io es Ss = 
, i 
JJ Ren EM 8 
R%ͥo 8 
=D, 8.48 v.26: .0- 0 
J 7 ORD 85 2 22 
F. 3 O04 
VVV P. 85 2-24 
By different Methods, 5 
x. By the Linear Tables "853 26 
2. By Sun and Moon's Angles 85 2 24 
3. By Witchell's Method N 2 27 


0 | EXAMPLE 


5 


| 
| 
| 
ö 
; 


— — — —_ ———  —_—_ 


> 


Neo Table 1. 4163 
Co. ar. of Diſt, 0.028 


43 REFRACTION AND PARALLAX, 
EXAMPLE III. 


ce Diſtance obſerved 110? 22' 
Sun's Altitude 48. 33 38 
Moon's Altitude 19 8 
Moon's Hor. Par. . 

Required the true Diſtance of Centres ? 


| By Linear Tables. 


9 


5” Log. Sum Sm V 
In in Table II. „ > By Sun K 


88 196 Correction 0 3 16 | Moon's Angles. 
i Dit. 110 22 5 NM. 19" 38 -- 
D. 110 25 21 V 
it Are 0 43 39 . 
r B — 
F S. © 47 38 
D. 2110 25 #t--:- 0. 110 a2 £$ 
E. 109 34 7 E. 109 34 27 
"Fe  B @ 0. 1 
5 "Ty. 109 34 28 P. * 34 0 
By different Methods. a 
© By the Linear Tables 109 34 28˙ 
2. By Sun and Moon's — 109 34 26 
3. * ä altered 5 * 34 26 
E * A M p L E Wy, 
4. Diſtance obſerved e 41 
Star's Altituds 19 18 5 
| Moon's Altitude . 54 5 
Moon's Hor. Par. 1 © 15 


- Required the true Diſtance of Centres? ? 


REFRACTION. AND PARALLAX, 


EXAMPLE V. 


« Diſtance obſerved 28? 14 39“ 
Star's Altitude 200 1 4 
Moon's Altitude 18 
Moon's Hor. Par. 9 

Required the true Diſtance of Centres. 


By Linear Tables. By Sun and 
No Table I. of 0-30” Moon's Anglete 
0 Diſt. 28 14 39 M. 82924. Ce 
= 19.9 8. 85.22 5 16 
iſt Arc o 40 22 Ry 
280 AR 0 493 89-- Ms Ro 4 
Tn 1 8 S. 6:27 2 
os on of DPD. 28 14 39 
E. 28 $23 . 20 12 
"F004: #00 44 
r 28.'-8 by. F. 1 88 
. By different Methods. 15 
= By the Linear Tables 289 8 Tl 


2. By Sun and Moon's 9 28 8 50 
3. * — altered ; 28 23 57 


: E * A M b L * VI. 
& -Dillancs obſerved _ 59 25 3 8 


Sun's Altitude 59 5 8 
: Moon's Altitude 27 2 5 
Moon's Hor. Par. „ 


Required the true Diſtance of Centres ? 
Is Linear Tables, 


Neo Table I. 1136 
| ©». ar. of Diſt, 0.065 


| Log. Sum 2-001: tl 
- By Linear E 215 9 in Table II. , 1 By Sun and | 
Co. ar. of Diſt. - 0: 115 * Correction 0 1 34 | Moon's 2 Neo 
214, Log. Sum 2.330 -” 5 J. 
| g91in Table H. „% „ By Sun and 44 59 27 8 87 42 , | 
; 98 Correction 8 2-40 Moon 8 Angles. e * 52 48 1 5 T . 2533 | 
Diſt. 2x0: 8 41 8 M. 117 480 | 2 * 0 1 4 f B. ; | 6 ns 
3. 50 10 44 | . * 42 N | 5 5 = © 43 44 „„ C. 0 42 12 x 
1 „ =. UP ng oe: D. 59927 8 . 59 25 34 
N 2d VVV 3 4 2 * 43 22 
3 fs . | | "IF i © o o 5g] 
D. zo 10 „ D. 3e „„ 58 43 29 58 43 27 
* 38 2 8 7 18 * #4 | 7 different Methods. on 
P. go 26 30 p. 50 26 27 1. By the Linear Tables 580 43 · 29" *, 
| 2. By Sun and Moon's Angles $88 43 27 
: By different Methods. On 3: 2 Lyons altered 2.88 44 29 q 
1. By the Linear Tables 50⁰ 26 305 I 1 "0 
2. By Sun and Moon's Angles . 50 26 27 
3. By Lyons altered 30 26 29: „ 
4. By Dunthorne altered 50 26 28 EXAMPLE 


„ Table E 4852 
Co. ar. of Diſt. 6.16 
163“ Log. Sum 2213 , ns 
5 | 118 in ble Hl. „„ y Sun and 
8 45 Correction 8. „ Moons Angles, 
751 Di. 43 35 42 1 95 45 5 
ö 43 30 27 „ 
N 11 Arc <-19 36 A. 319" 
| 2d Arc 0 9 32 „„ 
4 ON OR 
6 „„ 0 $2: 8 
D. 43 36 27 D. 43 35 42 
| E. 4339353 FE. 43 30 34 
„ - E. 0 02 
0s 4331 1 P. 43 31 0 
By different Methods. „ OO 
1. By os Linear Tables 43931 Or 
2. By Sun and Moon's Angles 24 31.0... 
3. oy Aſtronomer Mm e 43 31 2 
E x A M 5 L E vm. 
=o Diſtance obſerved 299 24 4 
Star's Altitude: -. 49 57 
| Moon's Altitude 64 19 T 
Moon's Hor. Par. 0 7 8 
Required che true Dune, of Centres? 
d By Linear Tables. | By Sun and 
les. No Table III. of o 31” | Moon? 8 Angles. 
on. 29 8 . 
„. 55 25 17 i 
53314 of Arc 1 VVV 
ff RE G0 
12 j))VàVCCVCCC 6-86 66: 
r +8 P. 29 24 46 
22 5 * E. 28 58 2 
27 P. 28 58 8 P. 28 58 9 
5 By different Methods. : 
g' a . By the Linear Tables 2:80 58“ 8" 
og. 2. By Sun and Moon's Angles | 28 38 9 
9 5 Mad Metnod . 28 58 11 
PLE 


' REFRACTION AND PARALLAX. 


EXAMPLE VII. 

% Diſtance obſerved 43 3 H 42 
Star's Altitude I 
Moon's Altitude 9 39 8 
Moon's Hor. Par. 54 42 

Required the true Diſtance of Centres? 


By Linear Tables. 


RE FRACTION AND PARALLAx. PR 


EXAMPLE IX. 
„ Diſtance obſerved | 620 27 39 
Star's Altitude 18 42 © 
Moon's Altitude 47 42 6 
Moon's Hor. Par. © 
Required the true Diſtance of Centres? 
By Linear Tables. 
N* fable l.. 14.188 
Co. ar. of Diſt, o. of2 
174 Log. Sum 2. 240 „„ 
E By Sun and 
116 Correction S + 56 Moon's Angles. 
de M. 92 8 
n „ 
if fie: 0 50.76 . 
20 Arc s 238 4 * 1160 
„ 20 
D. 068 25-55 Dc 6223 $9 
E. 62 27 22 E. 62 / 19 
Ü§ö§ð— ON C 
* „„ LCD 6² 27 24 
„ different Methods. = 
1. By the Linear Tables 62027 „0 2% 
2. By Sun and Moon's Angles 62 5 24 
3. * 3 32 62 FAT 15 
1 x A M p L E x. 
cc Diſtance obſerved 850 o on 
Star's Altitude 3 
Moon's Altitule 00:05. 
- Moon's Hor, Par... 5-06.90. --: 
13 705 the true Diſtance of Centres | A 
By Linear Tables. 1 f 
No Table I. 2.480 
Co. ar. of Diſt. o. os - 
303" Log. Sum 2.482 a age” 
on Tang Ib, By Sun and | 
294 Correction © 4 54 Moon's Angles. 
Diſt, 85 0 © M0. $9” &- 
. r 
5 1 Arc 0 © 4- © 153" 5 
Ad e 0 2 4 . 
)Üͤ . i: be. 0 885-- 
* F 
E. 85 2 44 „ n 
V VF 
P. 8 2 26 . 2 24 
By different Methods, | 
1. By the Linear Tables 8 1 260 
Buy Sun and Moon's Angles | -- $67 23 34 
In By Witchell's Method $5 2 27 


0: EXAMPLE 


„ 


30 REFRACTION AND PARALLAx. 
EXAMPLE Kl. 


6 Diftance obſerved 


„ 15» 


' REFRACTION AND PARALL 4X, 
EXAMPLE XIII. 


«© Diftance obſerved 652 27“ 305 


Star's Altitude V Star's Altitude 18 6 
Moon's Altitule 20 9 4 Moon's Altitude 15 21 8 
Moon's Hor. Par. o 4 Moon's Hor. Par. 8 
5 . Required the true Diſtance of Centres? Required the true Diſtance of Centres? 
: By Linear Tables. | By Linear Tables. 
| SE No Table J. 2.0905 No Table I. 2.349 
b Co. ar. of Diſt. O. 207 8 Co. ar. of Diſt, 0.041 | 
| 201“ Log. Sum 2.302 246“ Log. Sum 2.390 5 
140 in Table II. s „ By Sun and 0. CCC -* - .-- By Sun and 
i 61 Correction o I „ | Moon” 8 Angles. 196 Correction o 3 16 Moon's Angles. 
1 VV , e M925" „„ 30  M. Pa 
0 EJS D. 38 23 18 94 1h: E D. 65 30 46 „„ 
iſt Arc o 19 49 . 1ſt Arc 12 : . 32590 
i J „„ G0 37 50 C. 0 54 28 
if . 38 24 -18- D. 438 22 17 D. 65 30 46 D. 65 27 30 
| E. 38 23-24 E. 38 28 18 B. 6 8 E. 64 33 2 
. 8 1 e 1 
* 38 28 54 P. 38 28 49 . 64 32 57 To — 33 3 
1 By different Methods. 5 = BV different Methods. 
PRs 1. By the Linear Tables 280 28' 54 1. B/ the Linear Tables 64 320 57 
2. By Sun and Moon's Angles 38 28 49 2. By Sun and Moon's Angles 64 33 3 
8. BY: ee Tables r 9 IP Beets Tables 7 o- 59 
EXAMPLE XII. EXAMPLE xv. 
of Diſtance obſerved of * 6e « Diſtance obſerved _ 492 17 21 
Star's Altitude -o T2 Me 25 Star's Altitude 27 . N 
Moon's Altitude 21 26 4 Moon s Altitude 44 0:8 
Moon's Hor. Par. o 56 30 Moon's Hor. Par. O 538 50 
Required the true Diſtance of Centres, 5 | Required the true Diſtance of n ? 
VBy Linear Tables, 
By Linear Tables. += — 
- * N C PT 
Cs. ar. of Diſt. . 146 Co. a of pig. 0. 120 
JT 10 162” Log. Sum 2. Pre 
109 in Table II. , By Sun and 35 e 8 By Sun and 
57 Correction 0 O 1 ' Moon? s Angles, * 515 on © 1 : | Moon's = 
Diſt. 45 40 14 8 B. 49 7 I CEE * - 88 57. 
= VVV OTE ON. 
55 - Sa A = If rc o 35 30 2 46 
2d Arc 0 20 _ 1 IE: 0 34.44... B. „ 
e. JJ 5 3 85 | C. o o 18 
ft 0. 440 164 V 40 18 8 3 49 17 21 
E. 45 3943 E. 45 39 41 %% 
F. 5 3 23 F. o © 23 —_ 9 0 13 „ 
P. 45 40 6 P. 45 40 4 C 
= By different Methods, ee eee By different Methods. 
1. By the Linear Tables = in xl os 1. By the Linear Tables 499 17 TU 
3 By Sun and Moon's . 45 40 4 2. By Sun and Moon's Angles 49 17 52 
3. * — Tables .45 40 7 3. By Cambridge Tables 49 17 54 


__ EXAMPLE 
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EXAMPLE XV. EXAMPLE XVII. 
& Diſtance obſerved z 29“ 45“ 5 Diſtance obſerved. 330 15“ oO 
Star's Altitude 17 40 5 S.ctar's Altitude „„ 
Moon's Altitude 1 M ,-con's Altitude 04 * 
Moon's Hor. Par. o 6 -- Moon's Hor. Par. 5 290 
Required the true Diſtance of Centres? Required the true Diſtance of Centres. 
Buy Linear Tables. By Sun and By Linear Tables. © "ſy Sun and 
No Table IH. 0 3% Moon's Angles, Ne Table III. oo o' 35% Moon's Angles. 
BD Diſt. 35 29 45 M. 889 of Dit. 33 15 0 M. 919 58 
3 e . 33 15 35 8. 28 
It Ae G 19g ;/ As; 97 1ſt Are 111 3 48 5 
e 027 44: Bs 383 Al Arc 1:16 21 . 
1 rf 0 14 GET =p hy 0 48 „„ 
N P. 35-30 %%/ĩ᷑ ʒͤ½ò1y“ſ: 5D. 35:29 ę A B. 33.15 35 „ 
| JJ Ron "TW TO E. 33 16 23. Bc: 3 15 26 
4 : VV 0 6 F. 8 8 6 
f P 35 29 16 MS 35 79 15 | Pa. 3 16 298 | P i 16 32 
4 By different Methods. N | By different Methods. „ 
. By the Linear Tables WE | 290 16 1. By the Linear Tables 55 335 16' 29” 
2. By Sun and Moon's Angles 35 29 15 2. By Sun and Moon's Angles 33 16 32 
[ 3. By — Tables OE 3s 29 6 "Jo 9898 W RIO. „ 
; EXAMPLE XVI. . | EXAMPLE XVIIL 
= ce tungs obſerved 102 30 Obe ” CE, hs Diane obſerved | 56 17! 5 
q S .tar's Altitude 15 25 ©: pets Star's Altitude _ 3: . 8 
- Moon's Altitude 27 8 | Moan? s Altitude | OY 38 4 
4 ' Moon's Hor. Par. © 1 | Moon? s Hor. Par. | 
: Required the true Diſtance of Centres 3 Required the true Diſtance of Centr es? Vo 
[ By Linear Tables. * Is Linear Tables. By Sun and 
$ No r 5 No Table III. 1 Moon's Angles. 
Co. ar. of Diſt. 0.010 | Dit. 56 17 44 M. 3246 
133“ Log. Sum 2.122 | „ , e 
II TableIL , 7,7, By tw * iſt Are o 58 50 i366 
3 137 Correction 0 237 Moon's * | 2d Arc o 36 49 ff 
Dit. 102 36 M. 65 e OB 4 9 6 Ts 
1 . 8. IP Fg 15 D. 56 18 45 D. 36 17 44 
8.  q AX 0 15 29 | . | 1239" 5 7 E. 55 56 44 - E. 31 56 38 | 
| - | ad Are | o T 3 1 5 113 * oe oo” Se © : F. oo 0 of 
= | FF ©. 0: 18 44 . . 35 56 44 . 55 30 * 
5 1 5 1 102 3 7 | 3. 102 30 6 Os. By different Methods. 8 
4 N 102 11 17 E. 102 11 16 ; VF 
8 „F . 89 0 8. By the Linear Tables 55 0 56“ 44 
= i 2. 102 t 1 P. 102 11 11 1 By Sun and Moon's Angles 85 56 38 
9 5 1 By Lyons hiniſelt 55 56 46 
3 By different Methods. 8 + By 12 Calc Metnge: 55 56 30 
2 1. By the Linear Tables r 3 oh =—_ 
28. By Sun and Moon's I 102 11 11 
3. By Lyons himſelf 102 11 11 
11 By I2 Caſe EOS. "T1" J'IT 


REFRACTION AND PARALLAX. REFRACTION AND PARALLAx. «1 


EXAMPLE 
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% REFRACTION AND PARALLAX, 


376 Correction o 6 16 


Moon's Hor. Par. 6 40 46 49 Cone * 9352 = 
| Required the true Diſtance of ( -entres. . Star 8 Angle 8 oe 
By Linear Tables. 1 e 5. re Moon 8 Correction. ie 
No Table I. 4.46 e Mcoon's Alt. 129 30“ Coline 9.9896 
Co. ar. of Diſt. "Oh o . Hor. Par. 3375“ Com. Log. 3.5283 


REFRACTION AND PARALLAx. 


5. In computing by the Linear Tables, the 
Operations for the Arcs in Example I, are thus, | 


For the firſt and ſecond Arcs. 


_ EXAMPLE XIX. 


_ *« Diſtance obſerved 113 19' 26“ 


Sun's Altitude EE 0. + No P. 0 25 | 
3 519 zo' 3“ Sine 98935 
Moon's Ho Par: . 50 2 er s Alt. 24 65 0 5 10. 3779 
Required the true Diſtance of Centres? or. Tar. 5 3 r. og. 5K. 
Firſt Arc oO 7 Pr. Log. 0.7765. 
| By Linear Tables. | No 1 | 1* 30 of g” Tang. 10. 094 
N Table Ho 2.478 Moon's Ati. 12 26 0 Coſec. 10.6669 


Co. ar. of Diſt, 0.037 | my „ $615 Pr. Log. . 5051 
328“ Log. Sum 2.515 Second Are. 9 38 Fr. Log. 1.2714 

48 in Table II. „ , , By Sun and 6. In computing by the Sun and Moon's N 
| Moon's Angles. thoſe Angles muſt be found, and then A and B; 


_ 413 19 26 ö = 69 14 In Example J, thus. 
113 25 42 V 
th Arc o 5 13 ; A. ono! . For the wa geg Angle, SR 
; C. 5 8 3 Er 3 Moon Coalt. 77 30 Co. ar. o. 0404. 
D. % - D. 173 19 26 Stat —_ Wn 5 5 
F by: : 3 5. * | dS Half Sum 97 5 Sine 9.9965 : 
Pay Big. Prig ⁵.-;“,.ů M5 on Ow 
1 By different Methods. Ts 34 > . ne. « _ | 
1. By the Linear ele : 3 113 8˙% +1 i Moon! , Angle 68 5 
2. By Sun and Moon's Angles 113 8 6 | = ng = rs 
„% By WROTE. --- 1 „ 1 ge 0.1065 
5 Star 1 bg 12 Co. ar 0.04 
5 M Coalt. 8 5 
EX AMPLE XX, „„ gc 7  - 
« Diſtance obſerved 101® 46 430 - is inder 97 5 Sine | 9. 9967 
- Sun's Altitude „ * 50 35 dme 95253 
Moon's Altitude wy; 47 Eee Sum 19.6705 


177" Log. Sum 2. +249 Par. in Alt. 3296 Com. 8. 3 5179 : 


223 in Table... * * Sun * KRefraktion _ 0 2 oy 
| 2 Correction I 19 1 An . 3044 Com. og. 3.4834 
bet Diſt. 38 7 4 kh M. 16 18 | | Moon's Angle 685 8 Coſine 34354 
4 101 WW‚H]HMöfF 6: N Ne A. 1134 Com, Log. 3.0548 
1 of . 0 48 9 5 3 25936. | —_—_ 4 e ee ee 
3 1 03 1 3 15 3 N Star? oRefrattion 123" Com. Log. 2.0899 
955 oe 2 3 72 5 5. 3 * 5 | bas 35 Le 1 019 ; 
”F „ : 9 Com. Log. 0.8918 
F 980 77 ” F. 1 „ e e 
))) 8 58 14 7. In theſe Examples, the near Agreement of 


18 the Reſults, with others from Tables much more 

| Gy voluminous, and Operations far more operoſe, 

t. By the Linear Tables 100 58 1 os: E roves that theſe Methods are more eaſy without 

2. By Sun and Moon's Angles 100 8 14 eing leſs correct, than any other Wachen, that 
Jo 2 a — Method 1000 58 © have been 5 


By different Methods. 


Of 


9 n * . >. Bots 


4 | 


PREDICTED DISTANCES, 
At CV. 


9 the predicted Diſtances of Centres, of Sun and 


3 Om PORE OS cn Or \ 


von, or Moon and Zodiacal Stars; and their pecu- 
iar Poſitions at different Times and Places. 


1. Predictions of the Moon's Diſtance from the 
Sun and Zodiacal Stars, are Reſults of Compu- 


tations made from the Lunar and ocher tables, 


foretelling what number of Degrees, Minutes and 
Seconds, thoſe Diſtances will be, at certain times 
to come ; either at the end of each Hour, two 


Hours, three Hours, four Hours, fix Hours, twelve 7 
Hours, or a whole Day. 


2. When ſuch PrediQions are for each Hour, 
they become voluminous, but are reduced nearly 


do an Equality of Differences. When they are for 


every twelve Hours, the Medium of the Extreme 
Diſtances does not agree accurately with the Me- 
dium of the Extreme Times; therefore, three 
hourly Diſtances are judged proper to be a pplied, 
and are uſed accordingly. ; 

3. In three hourly PrediQions, the Moon's 


apparent Separation from the Zodiacal Stars at 
tte beginning, middle and end of three Hours, 
may differ a certain number of Seconds of a De- 


gree, on two Accounts; firſt by reaſon of the 


unequable apparent Receſſion of the Moon from 


Weſt to Eaſt, through the Heavens; ſecondly, on 
Account of the Zodiacal Stars being out of the 


{ Moon's Path; and (it might be added that) 


ſometime Refraction in Altitude may have a ſmall 


viſible Effect, when either of the Luminaries is 
not high above the Horizon. The firſt of theſe 


becomes of no great conſequence in three hourly 


Diſtances, and the latter may be almoſt annihi- 


lated by proper Altitudes; but Inequalities ariſing 
from the ſecond Cauſe, ſhould be carefully pro- 
vided for in the Conſtruction of the Predictions. 


4. As the Moon's Nodes are continually in 
Motion, the Poſition of her Path amongſt the 
Fixed Stars in the Zodiac continually varying; this 
makes her Paſſage near the ſame Fixed Stars near 


the Ecliptic Line itſelf always near the Path of the 
Moon's Receſſion; but the Stars without the Zo- 


diac, produce much greater Inequalities of angu- 


lar Diftances in equal Intervals, when ever the 
Moon is at no great Diſtance from them. 


The Zodiacal Stars which generally 156 
E ſerve the greateſt Equalities in the Moon's three 


hourly Diſtances, are, Regulus and Spica ; next 


to theſe are the Stars in Pegaſus, but the bright 


Star Alpha Aquilz, produces conſiderable Inequa- 
lity by this Property, when the Moon is toward 
the End of the Zodiac. The Stars in Capricorn, 
2 ſeem too ſmall for general Uſe in the Lunar Me- 
4 thod ; and the Head of Aries is more Saba to 
ve found than Aldebaran. N 


| PREDICTED DISTANCES. f; 


6. In the Torrid Zone, the Moon and fome one 
or other of the Zodiacal Stars, frequently are near 
the ſame Vertical Circle, ſuch are favourable Op- 


portunities for obſerving and calculating in the 


eaſieſt manner. In ſuch Caſes, the Dip of Hori- 
zon, the Refraction in Altitude, the Scmidiame?- 
ters, and the Parallaxes in Altitude, reduce the 
obſerved to the true Diſtance of Centres. All 
theſe come out from the Tables by Inſpection, and 


their Addition or Subtraction is eaſy; therefore, 
ſuch Obſervations ſhould not be neglected. Like- 


wiſe, 


ing, or before Sun Setting for the Afternoon, Op- 
portunities for Ys frequently offer by Sun 


and Moon. 
8. In obſerving the Luminaries near che ſame 
Vertical Circle, whether of Sun and Moon, or of 
Moon and Star; two Obſervers are all that are 
wanted ; for, in the Day-time, if one perſon takes 


the greateſt Altitude and another takes the Diſtance 


of the Limbs, their Difference (allowing the two 
Semidiameters) is the Altitude of the loweſt In 
like manner by Night, if one Perſon takes the 
greateſt Altitude and another the Diſtance, their 
Difference (allowing the Moon's Semidiameter) ; 
gives the loweſt Altitude. 


on 


15 07 the Zodiacal gur and 5 45 lb 105 FRO be 
= Diſtauces from the Moon SR 2rd for ever wy three 15 


Hours thr oughout the Tear. 


Theſe Stars have been already treated 971 in i fec- 
tion 24; neverthel(s it may be proper to be more 
PR concerning them here. . 
Alpha Arietis, in the Head of Aries. This 
© is ſo ſmall and otherwiſe ſo arranged, that it 
cannot be readily found and applied by the gene- 
rality of perſons ; beſides, it is without the 


Zodiac. 
#- Aldebaran, the Southern Eye of Taurus, 
This Star is eaſily to be diſtinguiſhed, by its large- 


neſs, colour and poſition to other Stars. It is 
within the Zodiac and ſouth of the Ecliptic 
Line. | 
| Pollux, in the Head of the wuthen Twin. 5 
This Star is eafily diſtinguiſned by its poſition to 
Caſtor and other Stars. It is near the north Bound 
DE CG — — Eb 
: £ 4. Regulus 


F. In the Torrid Zone, whilſt the Moon is either N 
paſt or ſhort of her Change but a few Days; 
when her Cuſps (or Corners) appear nearly hori- 
Zontal, and at no great Elevation, the Twilight 
will be perpendicularly beneath, and the Zodiacal 
Stars above the Moon; here will be no want of * 
Viſible Horizon, in the Lunar Method by the Zo- 
diacal Stars; and after Sun Riſing for the Morn- 


— — — —— — — — 


c r FEET Ex . — 


— 
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PREDICTED DISTANCES, 


4. Regulus, the Lion's Heart, This Star is not 
difficult to be diſtinguiſhed 5- it is a little north- 
Ward of the Ecliptic Line, and eaſily to be ap- 
plied at many places in the Torrid and Tem- 
perate Zones. 
5. Spica, the Virgin's Spike, This Star, 
although fituated at fome Diſtance from others, 


54 


18 eaſily diſtinguiſhed by its white ſparkling Luſtre. 


It is a little ſouth of the Ecliptic Line, and applica- 


cable at many places in the Torrid and ſouth Tem- 


perate Zones. 

6. Antares, the Scorpion? Heart. This Star 
is eaſily diſtinguihed, by its largeneſs and ſitua- 
tion to other Stars. It is within the Zodiac, 
ſouth of the Ecliptic Line, and eaſily applicable at 

many places in the Torrid and ſouth F 

LTones. 


but not ſo eafily to be diſtinguiſhed and applied as 
thoſe beforementioned. On this account. 


a Star caſily to be diſtinguiſhed, by its white Co- 

| Jour and fituation to other Stars. This Star is 
many Degrees north of the Ecliptic aud the Zo- 
diac. 1 


many times and places. 


10. Fomalhaut in the ſouthern Fiſh, is ably to 
be diſtinguiſhed by its magnitude, and applicable 
at many places in the Torrid and ſouth Temperate 5 


Zones. 


11. The TIER WO, are the Ten Zodiacal Stars, | 
now commonly applied in the Lunar Method of 


finding the Longitude at Sea; theſe, with the 


Sunn and Moon make up Twelve Luminaries ; 
amongſt which, the eaſieſt to be diſtinguiſhed and 
applied are; the Sun and Moon at all places where 


Ships frequently ſail; Aldebaran, Pollux, Regu- 


Jus and Alpha Aquilæ, are readily applicable 


; throughout the Torrid and North Temperate 


Zones; Spica, Antares, and Fomalhaut, through- 


: out the Torrid and South ee Zones. 1 


vu. 


in them. | 


#4 An Ephemeris contains a courſe of Predic- 


| tions of ſuch things as will happen from one Day 


to another, concerning the Situations, Poſitions 
and Places of the Celeſtial Bodies, at certain and 
Such Predictions are gene- 


detetminate times. 
rally continued throughout the Year. An Aſtro- 
uomical Ephemeris, contains things — to 


Primary Planets. 


Royal Obſervatory at Greenwich; 


the Royal Obſervatory at Paris. 


EPHEMERIDES, 


Aſtronomy ; a Nautical Ephemeris, things relative 
to Navigation. 

2. An Aſtronomical Ephemeris contains Pre- 
ditions relative to Heliocentric and Geocentric 


Aſtronomy ; the Motions, Poſitions, Diſtances, 


and Inequalities, ariſing from the Primary Pla- 
nets in their Motions round the Sun, and thoſe of 
the Secondary Planets in their Motions round the 
Likewiſe, it contains the Re- 
ductions of the Heliocentric Phznomena, for cer 


; tain and determinate times. 


3- A Nautical Ephemeris, contains things that 
are applicable for determining the true Situations 
of Places on Land, and of a Ship at Sea. This 
requires no inconſiderable part of Aſtronomy in its 
greateſt Extent, beſide MAnE: other things relative 


to Navigation, 
| Alpha and Beta i in 'Capeloven, are twe Stars 
within the Zodiac, north of the Ecliptic Line, 


4. An Ephemeris is made for ſome particular 
Meridian, and cannot be correctly uſed for any 


other Meridian, without making true allowance 
For their Difference of Longitude. Therefore 
8. Alpha Aquilæ, the brighteſt in the Eagle, 1 is 


5. In an Ephemeris, when a Prediction is op- 


Polite to a Day of the Month, the Prediction is 


for the Beginning of that Day; and this is the 


| Noon of the Civil Day, or twelve Hours later than 
the Civil Account. 

9. Alpha and Beta in Pegaſus the F PE Horle, - | 
are not eaſily to be düſtinguiſned and N at 


6. In an Ephemeris, when Hours, Miner 
and Seconds, expreſs a Prediction, they are for 
true Solar Time paſt the aſtronomical Beginning 


or civil Noon of that Day; this. goes on to Twen- 


ty-four Hours, the Beginning of next Day, at 
Noon. Hence, 

7. In every Ephemeris, two thiags are to be | 
attended to; firſt, the Meridian of the Place for 
which the Ephemeris is made; ſecondly, the | 
Time of the Prediction. Thus, the Engliſh Aſtro- 
nomical Ephemeris, is for the Meridian of the 
the French 
Connoiſſance des Temps, is for the Meridian of 
Other Works 
of this kind, are adapted for the Meridians of 
other Places, except otherwiſe expreſſed. 2 

8. In thoſe Works, the true Diſtance of Sun 


and Moon; alſo, of the Moon and Zodiacal Stars, 
are expreſſed for every Three Hours throughout 
the Year ; and in both of theſe for the Meridian 


oF G e ich Obſ, vat 
| 05 Bpiemeride : and the Tables commonly contained „ . 


Cvill. 


13 the true „ Difance of Cotes of either Sar 


and Moon, or Moon and Zodiacal Star; to 2 4 
the Time at the Ephemeris's Meridian. 


1. The Time at the Ephemeris' s Meridian to | : 
be found, will always be paſt Noon; and becauſe || 
the Longitude muſt be in n Degrees and — 


r — a 


EEE rr 


Minutes. 
2. 1/}. From amongſt the three hourly Diſtances 


 EPHEMERIS'S TIME. 
will be readieſt to avoid Reduction to Time, and 
proceed to the Longitude, wholly by Degrees and 


Therefore, 


of Sun and Moon or Moon and Zodiacal Stars, 
take two ſuch Diſtances following each other, ſo 
that the true Diſtance of Centres is greater than 
one and leſs than the other. 24. Take their 
Difference and call it the firſt Remainder. 3. 
Take the Difference between the firſt of the three 
hourly Diſtances and the true Diftance of Centres, 
and call it the ſecond Remainder. 4th. In the 


Table of Proper Logarithms, look oat the Proper 


Logarithms of theſe two Remainders, take their 
Difference and find it in Proper Logarithms. 574. 


At Bottom of the ſame Column of Proper Loga- 


rithms is a number of Degrees and Minutes to be 


taken out; alſo, at the Side is a number of Se- 
| conds and a fourth part of theſe are to be called Mi- 
nutes to be added with the former Degrees; 
laſtly, the firſt of the Hours taken out are to be 
turned into Degrees (by allowing fifteen Degrees 
to an Hour) and the Sum of theſe three, is the 


Time paſt Noon at the Ephemeris's Place, in De- 
grees and Minutes, 952 „ 


added to the firſt Hours gives the Time at the 
Ephemeris's Place. This introduces Reductions, 


and therefore is improper to be attended to in the 


| preſent Method. Tb 5 
4. Otherwiſ, the Time at the Ephemeris's 
Place may be found thus. Turn the Difference 
between the two three-hourly Diſtances into Se- 
conds of a Degree; and turn the Difference be- 
tween the firſt of the two three-hourly Diſtances 
and the true Diſtance, into Seconds of a Degree. 
To the Common Logarithm of the latter, add 
3.4314, a d from the Sum ſubtract the Common 
_ Logarithm o! the former, the Remainder 1s the 
Common Logarithms of a Number of Minutes, 
the Degrees of which added to the firſt Diſtance 
in Degrees, is the Ephemeris's Time in Degrees 
and Minutes. Here, 43.4314 is the Logarithm 
of the Minutes of a Degree in three Hours of 


Time. f 
3 IX. 


Examples for illuſtrating the Method of finding the 
Time paſt Noon, in Degress and Minutes, having _ 
the true Diſtance of Centres, the two three hourly TP lon 


Diftances it falls between, and the Proper Loga- 


rithms ; partly taken from the Author's Treatiſe on 


the Linear Tables. 


EPHEMERIS'S TIME, 55 


Firſt Hours 


True Diſtance _ 
Second Remainder 
 ©.31$9 Pr. Log. of 1ſt Remainder, | 
0. 4070 Pr. Log. of 2d Remainder. | 2 
. 0.0931 Pr. Log. gives 


Ephemeris Tim 


| EXAMPLE I. 
Firſt Hours 


Second Hours 


6 Diſt. 74 28 co 
Firſt Remainder 1 


J Diſt. 73 1 27 


Firſt Hours 450 
e paſt Noon 8119 


2 Diſt. 730 1' 2 


N 


Diſt. 74 11 58 
5 18 35 


— — * 


36 19 N 4 


EXAMPLE II. 


Firſt Diſtances 
Second Hours 
Firſt Remainder 
Firſt Hours 

True Diſtance 

Second Remainder 
0.2948 Pr. Log. of iſt Remainder. 

bd. 3085 Pr. Log. of 2d Remainder. 


3. If the Time at the Ephemeris's Place be N 82 E. 


required in Ho ars, Minutes and Seconds, the De- 
grees at Top of the Table may be called Hours, 
and the Minutes and Seconds will be Time; theſe 


"4 Diſt. 1080 & Rd 
6 Diſt. 109 37 16 


1 31 18 


3 Diſt. 108 5 58 
Diſt. 109 34 26 


35 


- + 4330. 


To, Firſt Hours 45 o 
Ephemeris Time paſt Noon 88 36 


EXAMPLE IN. | 


Firſt Hours 
Second Hours 
_ Firſt Remainder 
Fit Hours  -© 

True Diſtance 
Second Remainder 1 
o. 2795 Pr. Log. of 1ſt Remainder. 


Ephemeris Tim 


gives 
Firſt Hours go © 
e paſt Noon 128 18 


b Diſt. 93e 3773 Gt 
 gDiſt. 95 32 11 


1 34 36. 


1 Diſt. 93 1 
..- Diſt. 08-18 6 


= 8030 :.- 


0.3495 Pr. Log. of 24 Remainder. 
o. oyoo Pr. Log. 


38 18 . 


EXAMPLE IV. : 


' Firſt Hours 
Second Hours 
Firſt Remainder 


Firſt Hours 


True Diſtance 2 
Second Remainder _ 


s Diſt. 62% 287 44" 
9 Dil, 60:59 34 
„„ 
6 Diſt. 62 28 43 


Diſt. 62 22 51 


O. 305 2 Pr. Log. of iſt Remainder. 


1.4870 Pr. Log. of 2d Remainder. 


gives 


2 57% 


_ Furſt Hours 90 o 


Ephemeris Time paſt Noon 92 572 


EXAMPLE 


I 
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— 
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— <a>. 
————ů — 2 


— 
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— 
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', Firſt Remainder 1 28 30 
Firſt Hours 9 Diſt. 116 33 55 
True Diſtance Diſt. 116 3 26 
Second Remainder o 30 29 


$ F irſt Hours 
Second Hours | 


 FirſtHous o Diſt. 48 2 2 33 
True Diftance Diſt. 47 * 
Second Remainder 1 1 26 ET 


EPHEMERTS'S TIME, 


ANA 
Firſt Hours 


Second Hours 12 Diſt, 115 55 $ 


0.3067 Pr. Log. of iſt Remainder. 
0.7712 Pr. Log. of 2d Remainder. 


| 0.46045 Pr. Log. gives. 15 26 


Feͤirſt Hours 1 ©: 
Ephemeris Time 8 Noon 150 26 


EXAMPLE vi 


0.3068 Pr. Log. of 1ſt Remainder. 
0.4669 Pr. Log. of 2d Remainder. | 


Bb 1601 Pr. Log. gives 31 74 7 
-; "BUR Hoars . 


” Bphemeri Time 2 955 TO 3 [ 7 


Second Hours | 


Firſt Hours 15 Diſt. . 
True Diſtance Diſt, * 50 ; > 
Second Remainder T4 


EXAMPLE vir. 
i Has: 


o. 2514 Pr. Log. of 1ſt W - 
|  ©.4509 Pr. Log. of 2d Remainder. 
8 ©. 1995 Pr, Log. We: 28 * 


Firſt Hours 225 © 


Ephemeris Time For * 253 2 55 


Wy Firſt Hours 


21 Diſt. 1165 33 55˙ 
Second Hours 24 Diſt. 115 1 
Firſt Remainder „ 
Firſt Hours 21 Diſt. 116 33 55 
True Diſtance Diſt. 116 3 20 
Second Remainder "0:40.35 


EXAMPLE vat. 


. 306) Pr. Log. of 1ſt W 
0.7698 Pr. Log. of 2d Remainder. 


0.4631 Pr. Log. oe? „ 1 20$-- 


irſt Hours 315 o 


— Ephemeris Time paſt Noon 339 292 ; 


9 Diſt. 1160 337 go” 


o o Diſt. a x ' 43" 


0 - 3 Diſt. 46 33 44 
Firſt Remainder Ta 


Firſt Rk : TN 


- Second Hours 


Ig Di. PTE) g” 
5 „ 18 Dil. 119 13, 14; 
Firſt Remainder „ 5 40 54 


4 Firſt 1 


37 22 Ephemeris Time paſt Noon. 


EPHEMERIS'S TIME, 


x. 


Examples for Auſtrating the Method of fuding the 
Time paſt Noon in Degrees and Minutes, having 
the true Diftance of Centres, the two three-hourly 

| Diſtances and the Linear Tables and Common Le- 


= 
0 EXAMPLE I. 
| Firſt Hours 3 Diſt. 739 1' 2 
Second Hours 6 Diſt. 74 28 + 
. V ˙ »uÄ 1 
Firſt Hours 3 Diſt. 3 1 27 
True Diſtance Diſt. 74 11 358 
Second Remainder 110 31 


ED 2d Remainder 4231" Com. Log. 3.6264 
: Conſtant Logarithm, add. 3.4314 


Sum 7. 0578 


2 It Remainder 5243" Com. Log. 3.7196 
362 19' or 2179 

45 o Fuſt Hours. 

835 9 3 Time Leng Noon, ED, 


Com. Log. 3. 3392 


EXAMPLE 1 . 
21 Dif. 110 g 55˙ 


Firſt Remainder | * 
Firſt Hours 21 Diſt. 116 33 53 
| True Diſtance ig. 116 3 25 
Second Remainder 0 30 3 79 


2d Remainder 1835” Com. Log. 3.2636 


Conſtant Logarithm, add. 3.4314 


5 Sum 6.6950 
itt Remainder ; 5330” Com, Log. 3.7267 


15% 294 or 9292 Com. Log. 2. 9583 


315 © Firſt Hours. 


3³⁰ 51 3 Time paſt Noon. * 


EXAMPLE III. 


0 Diſk, 111 fz 13˙ 

Second Hours 3 Diſt. 110 15 34 

Firſt Remainder 1 37 39 

Firſt Hours o Diſt, 111 53 13 

True Diſtance _ Diſt. 110 32 2 
Second Remainder 12 21 


; 2d Remainder 4866" Com. Log. 3. 627% 


Conſtant Logarithm, add 3.4314 
Sum 7.1186 


1ſt Remainder 5859" Com. Log. 3.7678 
37 22“ or 2242' Com. Log. 3.3508 


0 o Firſt Hours, 


24 Diſt. T1584 


” of by © Wn Fad bh 3 2 6: 8 EP 


77 i i JR 


P 5 * Nn 


SHIP'S TIME. 


CxI. 


Having the Latitude of a Ship at Sea, and the three 


cotemporary Obſervations, in the Day time; to 
find tbe Solar Time, either ſhort of or paſt Moon. 


1. The three cotemporary Obſervations are; 
1½, the Altitude of the Sun's lower Limb; 24, 


the Altitude of the Moon's: lower or upper Limb; 


4, the Diſtance of Sun and Moon's neareſt Limbs. 
Foe Latitude of the Ship 1s nearly known, from 


| thejShip's Reckoning and the intermediate run 
ſince the laſt Noon. 


2. Add Half a Degree to ocks Diſtance of Limbs 


to get the Rough central Diſtance, with this from 


Ephemeris (amongſt the three-hourly Diſtances) 
take out the neareſt Hour for the Ephemeris's 
Place, and by this Hour take out the Sun 5 De- 5 
clination. 
3. Having the Latitude, Dedlination and Alti- 


tude, proceed as directed in e 5% to find. 


ws Tame: at t the 1 


| E X A M p L E * 
: | Co-lmimde N. 44 50 Co- ar. o. 161762. 


Polar- diſtance N. 79 5 Sonn. 0: Ew: © 


Co. altitude 3 "ooh 4 
dam 167 


Half Sum "A 5 Sine 9. COTS ; 
Remainder 40 59 Sine 9.816798 
Sum 19.972739 


14 17 Coline 9.986353 
Solar Time 28 34 ſhort of Noon. 


4. In all Obſervations that are taken at Sea 


and on Land, as ſingle Altitudes on either Side 
of the Meridian, they are for the Spheroidica!l 
Earth, which ſtrictly ſpeaking ſhould be for the 


ſpherical Figure of the Earth; and therefore, to 


be correct, the former ſhould be reduced to the os 


latter, thus in this Example. 


Lat. N. to Spheroid 450 100 Sele. | 448 30% 
Altitude to Spheroid 47 10 Co- alt. 42 50 
Deeclination N. 10 2 Pol dit. 79 38 


Corlat. 44 50 Co-ar. o. 1518 
Co- alt. _ 50 Co-ar. 0.1676 
Pol. diſt. 79 58 
we Sum 167 38 

Half Sum 83 49 Sine 9. 997 
"Remainder 3 51 Sine 8.8270 


Sum 19.1439 
| 3 68 5 Coſine 9.5719 
9 136 10 Coſine 9.8587 
; Deviation 1160” Com. Log. 3.0544 
13157“ or 837 Com. Log. 2,9225 
17 10 Alt. 40 el. Re 


SHIP'S TIME. 
4724 Alt. to Sphere. 


45 10 Lat. to Spheroid. 


19 Deviation 
44 G1 Lat. to Sphere. 


57 


Co-lat. to Sphere 45% 9' Co- ar. 0.149381 


 Polar-diſtance 79 58 Co-ar. 0. e 
Co-alt. to Sphere 42 36 
Sum 167 43 | 
Half Sum. 83 51 _ 9. 997493 


Remainder 41 15 Sine 9.819113 


Sum 19.972680 


4 17% Coſine 9.986340 


Solar Time 23 35 ſhort of Noon. 


EXAMPLE II. 


y  Co-latitude | N. 42248' Co-ar. o. 167848 8 
| Polar-diſtance N. 73 56 Co-ar. 0.017304 
Co: altitude . : 


Sum 166 34 1 9. 9970 


Half Sum . 


> 23 41 Coſine 9.961788 
solar Time 47 22 paſt Noon. | 


"186 Pol-diſt, 73 56. 
Co-lat. 420 49 Co ar. 0. 1678 


Sum 19.923477 


7 1 05 Orr more correctly, by reducing to the dere, 1 


Lat, N. to Spheroid 472“ Co- lat. 
Altitude to Spheroid 40 10 Co-alt. 
_ Doclination. N. 


420 48". 
9 30-- 


8 49 50 e a NS. 


Pol-diſt. 73 56 


JJ 7 ” Op 5 
Half Sum 83 17 Sine -- 449970" 
Remainder: 9 21 Sine 9.210 
„ 10-4023; 


T8 56 73 Cofine 7461 
35 1 1 Th Coline _ . | 


- Drs 1160“ Com. Log. 3.0644. 5 


23 or 439 Com. Log. 2. 6426 


® 10 Alt. to Spheroid, 
| 45 17 Alt. to Sphere. 


Ra 47 * Lat. to Srberoid. 


” Deviation. 

46 = Lat. to Sphere. 3 = 
 Co-lat. to Sphere 430 7' Co-ar. o. 0 
Polar-diſtance 73 56 Co-ar, e. 
Cor alt. to Sphere 5 
Sum 1666 

Half Sum 83 23 Sine 9. 997098 
>Ramainger .. 33.49 Sine 9.743792 


Sum 19.923464 


23 42 Coſine 9.961732 


Solar Time 47 24 pat Noon. 


— — _ EXAMPLE 


— — — 


98 SHIP'S TIME. 


EXAMPLE III. 


Co-latitude N. 850 of Co- ar. o. 001655 
Polar- diſtance N. 66 32 Co- ar. o. 037492 
Co. altitude 84 © 
Sum 235 32 Sine 9.940871 
3 117 46 Sine 9.744928 
Sum 19.730947 
42 482 Cofine 9.805473 
Solar Time 85 37 paſt Noon. 


Or more correctly, by reducing to the Sphere, thus. 5 


Lat. N. to Spheroid 5 o' Co-lat. 85* o 
Altitude to Spheroid 6 © Co-alt, 84 oO 


- Doclimation 1 23 28 Pol. diſt. 66 32 

„ Colat. 8 50 of Co-ar. o. oo 
Co- alt. 84 © Co-ar. 0.0024 
Pol. diſt. 66 32 | : 
Sum 235 32 5 
Hualf Sum 117 46 1 9.9469 
| Aae Fo: 14 Sine 98919 


” Sum. 19 

i 3 26 Coſine 99224 
| -Azimath 66 52 Cofine 9.5942 
Deviation | 203“ Com. Log. 2. 3075 
1᷑7 20" or 80 Com. Log. 1. your | 
. o Alt. to Spheroic. L 

1 Alt. to Sphere. 

þ 5 o Lat, to Spheroid. 
3 Deviation 

4 67 Lat. to Sphere. „ 

Oo. lat. to Sphere 8 58 3“ Co- ar. o. . | 
Polar-diſtancde 66 32 Co-ar. o. 037493 
Coꝛalt. to Sphere 83 59 
Sum 235 34 1 8 
Half Sum 117 47 Sine 1 

| Remainder 33 * Sine 9.745 300 
„ Sum 19.731228 
1 47 Coſine . 865612 

| Solar Time 55 34 FR Noon. = 


EXAMPLE Iv. 


| Co-latitude N. 74% 40 Co-ar. o. 015741 

Polar- diſtance N. 64 4 Co- ar. 1 
 Co-altitude e | 

Mb Sum 203 34 2 5 
Half Sum 101 47 Sine 9. 9907 5 

| Remainder 36 57 Sine 9.778960 
„ Sum 19.834545 
21 Coſine dars 2 

Solar Time 34.3 : ſhort of Noo f 


: Or more correctly, by ne to the Sphere, thus, 


Lat. N. to Spheroid 15® 20' Co lat. 754% 40' 
Altitude to Spheroid 25 10 Co-alt. 64 50 
Declination W. 25 56 Pol-diſt. 64 4 


Tanten ell 
Co-alt. 64 50 Co. ar. 0.0433 
Pol-diſt. 64 4 e 


SHIP'S TIME. 
Sum 203? 34" 
Half Sum 101 47 Sine 9. 99 7 
Remainder 37 43 Sine 9.7866 


Sum 19.8363 
34 9 Coſine 9. 8 
Azimuth 68 18 Coſine 9.5679 
Deviation Goo" Com. Log. : 7781 
3 42" or 222 Com. Log. 2. * 
25 10 Alt. to Spheroid. 
25 6 Alt. to Sphere. 
15 20 Lat. to Spheroid. 
„ 
18 15 18 Lat. to Sphere. 
Co-lat. to Sphere 742 42' Co-ar. o. ol 18672 
Polar-diſtance 64 4 Co-ar. . 
| Co-alt, to Sphere 64 54 80 
g Sum 203 40 


Half Sum 101 50 sine 1 i ; 


Remainder 36 56 Sine 9.778792 
1 Sum 19.831229 
34 344 Coſine 9.915614 

Solar Time 69 9 ſhort of Noon. 1 5 


ä 4 1 this Problem, Whilſt the Sun is over 
eit 


er of the horizontal Quadrants that is neareſt 


do the Point under the elevated Pole, the Sun's 
Altitude taken is too great; whilſt the Sun is 
|, over either of the other horizontal Quadrants, the 
| Altitude taken is too little; ; and when the Sun 
is over the Eaſt or Weſt point of the Horizon, 
the Altitude taken is near the Truth, or what it 
would be from a Spherical Earth. 5 


6. The Obſervations are made on the a 


of a ſpheroidical Earth or Sea, the Reſults are 
do be for that of a ſpherical Earth or Sea. The 
three Sides of the ſpherical Triangle from which 
7 the anſwer ariſes are, the Polar-diſtance (thi; 
is the ſame in both Caſes) ; the Co-latitude (this 
is conſtant in both Caſes) ; the Co-altitude (this 
is different in the two Caſes). The Difference 
for the Latitude in its Reduction to a ſpherical 
Earth 1s always additive ; that for the Altitudes 


may be additive or ſub ductive, whilſt the Polar- 
diſtance is invariable; conſequently, the Data 


for the ſpherical and ſpheroidical Earth, are 
different from each other, and they produce dif- 
ferent Reſults, according to the Relation of the 


Terms to each other, or the Compoſition of the 
| Parts. 


. Hence allo; Altitudes 8 of the Celeſtial 
Bodies, by Vertical Inſtruments adjuſted perpendi- 


: uy by Plumb-lines, both on the Meridian and 
out of it, are affected by this Property; and there- 


fore, in finding Solar Time either at Sea or on 
Land, from ſingle Altitudes taken out of the Me- 


Truth. 


CX1I, 
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ridian, theſe Corrections are neceſſary for the 


SHIP'S LONGITUDE. 
cx! 


Having the Ephemeris's Time, and the Ship? s Time, 
in a Day Obſervation; to determine the Longitude _ 


from the Place for which the Ephemeris was made, 


and likewiſe the Ship's Longitude from any other 


Place, whoſe Longitude is known, 


1. The Longitude of the Ship from the Meridian 
for which the Ephemeris was made, is had by the 
laſt Article, Section 94; and by the ſame Method, 


the Ship's Longitude is inferred, from any other 


tended to be failed to, are given; and the direct 
Courſe and Diſtance are found by the — of 
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Meridian, whoſe Difference of Longitude i 1s known 
from the Meridian for which the Ephemeris was 
by the naked Eye. 
„ 2.088 Determination i is applicable, when the = 
Longitude of a Ship at Sea has been taken, and her 
direct Courſe and Diſtance to any deſigned Place or 
Port are required. In this Caſe, the Latitude and 


made. Tak 


Longitude of the Ship, are given; likewiſe, the 
Latitude and Longitude of the Place or Port in- 


Navigation. 


3. In this Method, well. confiretied Charts will 
ſhew the Bearing or Courſe to a tolerable Degree 
of Accuracy, by Inſpection, and the Diſtance may 
be had with Eaſe by proper Methods; fo that the 
whole additional Part, after the Longitude is taken, 
may be eaſily and almoſt 18 , ſuf- 


fieientiy exact for practical Uſes. 


EXAMPLE 1 


1 Time paſt Noon 34 25 5 
Ship's Time paſt Noon 24 12 
Ship” s Longitude Weſt 1 


EXAMPLE II. „5 

OE Ep hemeris Time paſt Noon 145 32 7 
BI Skip s 'Fime ſhort of Noon 27 1G - 

. yOu s Longitude Eaſt ” 47 = 
. 


Gareth Time paſt Noon 2 50 34 : 
Ship's Time ſhort of Noon 74 16 
OP. Weſt of Greenwich 99 30 = 


_ EXAMPLE 1v: 3 
Greenwich Time paſt Noon gp 5 


_ Ship's Time paſt Noon 10 8 
Ship Weſt of Greenwich 22 15 
Lizard Weſt of Greenwich 5 15 
| * Weſt of Lizard . 0 


EXAMPLE. V. 


5 s Time paſt Noon 2150 32 
| Ship's Time ſhort of Noon as 18 
Ship Welt of Greenwich 239 50 
Ship Eaſt of Greenwich 20 10 
C. Good Hope Eaſtof Greenw. 18 3 
Ship Eaſt ot Cape Good Hope LAT: 


within thoſe Parts to repreſent. 


tions. 
tions, 
ſouthern Hemitphere of the Heavens to include 
many Stars that had been before unobſerved ; this 

has increaſed the Number of Stars that were for- _ 
merly tabulated and delineated on Globes and 
Charts of the Fixed Stars. | 


Proper to be 2 applied in in tek ing the Latitude at Sea, 


SHIP's 
CXIII 


Having the Latitude of a Ship at Sea, and ths Alti- 
tude of a Fixed Star out f the Meridian, to find 


the Solar Time, eitber ſhort of or paſt Noon, and 
_ the Longitude, 


. "The Fixed Stars which have been ablerved 
by Ales and had their Places aſcertained 


TIME. 59 


with reſpe to the Circles and Poles of the Ce- 


leſtial Sphere, have been of ſeven different Magni- 


tudes; thoſe of the firſt Magnitude being of the 
greateſt Splendor or Brightneſs, and the others 


diminiſhing to thoſe which can hardly be diſcerned Ty 


2. Thoſe of the firſt Maguitade can cally be. 
obſerved at Sea on the Glaſſes of Hadley's Sextant, 
by the naked Eye, in favourable Weather, and to 
can thoſe of the ſecond and third, when a ſmall _ 
teleſcopic Eye-piece 1s applied ; but, the ſmaller 
Magnitudes are not eaſily to be perceived, when 


their Light has either paſſed through or been re- 
flected from the Glaſſes of that Inſtrument. 


3. The Conſtellations are certain Figures which 
the Ancients feigned, and allotted certain Parts 
of the celeſtial Epanſe, with the Fixed Stars 
Hence, molt of 
the Fixed Stars, have their reſpective Conſtella- 


ſome in the northern and others in the = 


4. The principal Fixed Stars of the firſt, and 


between the firſt and ſecond Magnitude, as they 
come in order of their Right Aſcenſions, are, 
Achernar, in the River Eridanus; Aldebaran, the 
5 Eye of the Bull; | 
i Rigel, in the weſtern Foot of Orion; B.- | 
telgeuſe, in the eaſtern Shoulder of Orion; 
pus, in the Ship; Sirius, in the great Dog; 3 Caſe 
tor, in the Head of the northern Twin ; 
in the little Dog; Pollux, in the Head of the 
ſouthern Twin; in the Oar of the Ship ; Regulus, 
the Lion” s Heart ; 
Virgin's Spike 3 ; The weſtern Foot of the 1 1 
Ardlurus, in Bootes the Herdſman; Antares, the 


Capella, in the Shoulder of Au- 
Cano- 


Procyon, 
the Foot of the Croſs; The 


Scorpion's Heart; Lyra, the brighteſt in the 


Harp; Altair, the brighteſt in the Eagle; Fo- e 
malhaut, in the ſouthern Fiſh. Theſe twenty 
Stars are fo ſituated throughout the Heavens, and 
are fo well defined, that at moſt times and places — 


when and where Ships ſail, they may (ſome or 
others of Men} be applied for taking the Latitude 


dat Seas. 


5. Of theſe twenty F ixed Stars, ome are more 


than 


The Moderns have added New Conſtella- . 
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60 SHIP*S TIME. | 
than others; firſt, on account of the greater quan- 
tity of Light ; ſecondly, for their peculiar Situa- 
tion in the Heavens. Their Right Aſcenſions are 
annually progreſſive, but their Declinations are 
ſome of them additive, others ſubductive. 

6. Betelgeuſe, in the eaſtern Shoulder of Orion, 
and Bellatrix, in the weſtern Shoulder, are nei- 
| ther of them many Degrees north of the Equator, 

and the latter alters in Declination no more than 

a Minute of a Degree in Ten Years. 
alters but a minute in Declination in Forty Years; 

this may therefore be conſidered as a conſtant Star, 
during many Years, applicable throughout almoſt 
all parts of the Torrid and Temperate Zones. 


a Minute of a Degree in Declination in Twenty 
Years. Capella, in the Shoulder of Auriga ; Ca/- 
der and Pollux, in the Twins; and Alpha Aguilæ, 
the brighteſt in the Eagle; theſe alter ſlowly in 
Declination, and are ealily applicable for all parts 
> of the Torrid, and the North Temperate Zones. 


8. Sirius, in the great Dog, (the brighteſt Star 
in the Heavens) takes fourteen Vears to alter a 
Canopus, in the Ship, 5 
near Forty Vears, to alter a Minute in Declina- 
tion. Procyon; Rigel and Antares, alter ſlowly ; 
theſe are applicable i in all Parts of the Torrid and A 
- ſouth Temperate Zones. e 
9. When the Sun is Eirkteen Degrees babe 5 
the Horizon, in the Morning, the Twilight be- 

gins; in the Evening, with the ſame Depreſſion, | 


Minute in Declination. 


the Twilight ends; and during the Continuance 


of Twilight, the Point of the Horizon perpendi- 
cularly over the Sun, with a certain Extent north 
and ſouth thereof, is partially illuminated by the 


Sun's Rays, ſo that the Horizon is viſible. 


10. The Moon i is often viſible in the Day- time, 


except within two or three Days of her Change 


(commonly called the New Moon). The Primarß 


Planets and Fixed Stars to thoſe of the ſeventh 


Mlagnitude, . the Sun to be a certain num 


her of Degrees below the Horizon, when they firſt 


diſappear before Sun Riſing, and appear after Sun 
Setting. Thoſe Degrees of the Sun' 8 8 79 


5 we; for 
Venus when 3 Ges ines. „ 

Jupiter and Mercury, ten Degrees. 
Saturn and Mars, eleven Degrees. 

Firſt Magnitudes, twelve Degreee. 
Second Magnitudes, thirteen Degrees. 

Third Magnitudes, fourteen Degrees. 
Fourth 'Magnitudes, fifteen Degrees. 
Fifth Magnitudes, fixteen — | 
Sixth Magnitudes, ſeventeen Degrees, 
Seventh 'Magnitudes, eighteen Degrees, 

At many other times in the Night time, 


25 the Horizon of the Sea Is viſible under Other Di- 


The former 


| Rig ht Aſce 


SHIP'S LONGITUDE, 


rections from North to South; ſuch are proper 
times for taking the Latitude by Meridian Altitudes 
of the Moon, Primary Planets and Fixed Stars. 
Altitudes in the Ni bu taken under other Direc- 
tions, being applied with the Declination and La- 
Os give the Time at the Ship. Thus, 1/. 
With the Ship's Co-latitude, the Star's 


Polar Mftance (ound us for the Sun) wal the Star's 


Co-altitade, find the number of Degrees and Mi- 
nutes the Star is ſhort of the Meridian, if increaſing 


in Altitude; but paſt the Meridian, if decreaſing 


in Altitude. 24. Take the Difference between the 
Right Aſcenſion of the Star, and the Right Aſcen- 


ſion of the Sun, in Degrees and Minutes; compare 
7. Lyra, the brighteſt in the Harp, alters not this with the Degrees and Minutes the Star is 
either ſhort of or paſt the Meridian; and it gives 


the Solar Time at the Ship, either ſhort of or paſt 


Noon. 34. Compare this with' the Ephemeris's 
Time (as before directed) and the Sum or Diffe- 


rence is the Longitude. 


13. HATS the Right Aſcenſion of the Star, the 

niion of the Sun, and the equatorial 
Diltance of the Star, either ſhort of or paſt the 
Meridian, the Solar Time at the eel and the 


ow" 5 N 18 found thus. 1 


EXAMPLE 1. 


2 8 Right Aſcenſion of Aldebaran 650 5 54 3 ; 
Right Aſcenſion of the Sun 288 8 
Sun Eaſt of Aldebaran 222 14 
| Aldevaran pa Meridian 30 4 


Ship's . Welt 275 24 
Ship! 8 Longitude, Eaſt | 1 36 
„ EXAMPLE II. 5 
Right Aſcenſion of Antares 2449 5 
Right Aſcenſion of the Sun 331 25 
Sun Eaft of Antares =" "07-80 
Antares ſhort'of Meridian 5: D320 


At Ship's place, ſhort of Noon 148 45 
At Ephemeris place, paſt Noon 80 41 
Ship's Longitude, Weſt 229 26 
. Ship 8 Longitede, Eaſt 139 34 


1 E x A MP L E III. 
| Right Aſcenſion of Spica 


1989290 
Right Aſcenſion of the Sun 105 56 
Sun Weſt of Spica 92 33 
Spica paſt the Meridian 4. 
At Ship's place, paſt Noon 121 6 


At Ephemeris place, paſt Noon 88 5 
Ship — Wen ys 33 . 


0 XIV. 


EQUAL ALTITUDES. 


CXIV. 


Of Tine at the Ship, deduced from Equal 4 Altitudes 
of the Sun, at Sea. 


1. Seeing that the Meridian Altitude of the 
Sun is greater than any other Altitude of the Sun 
(at any Place of the Earth or Sea) on the ſame 


Day; every Day at any Place, the Sun will have 
one Altitude in the Morning and another After- 


' noon, equal to each other, and the Mid-time be- 


tween thoſe Altitudes will be near Noon. 


2. If the Obſerver continues at the ſame Place 
during the Interval, and the Sun's Declination has 


no perceptible Change, the Mid-time will be that 


of the Meridian Tranſit, or Time of Solar Noon; 


if the Declination alters, the Mid-time wall DS. Tranſit over the Meridian at the Place of Obſer- 


either before or after Solar Noon. 
Hence arites a Method of ſetting a Watch or 


Altitudes ; for, if a Ship at Sea be at reſt, when 


the Sun does not alter in Declination, and two 
Altitudes are taken, one a little before and the 
other a little after Noon, and the Times are noted; 
the Half Sum of the two Times will be exactly 
Twelve Hours, if the Watch is to Solar Time; 
and if it be at Mean Solar Time, it will differ 


therefrom by the Equation of Time. 
otherwiſe, the Difference wal be the Error of the 


| Watch. 


x EXAMPLE I. 
At Sea, June 20th, the Sun. 


- 1 34 15% Alt. Sun's lower Limb 54® 25˙ 
12 30 55 Alt. Sun's lower Limb 54 25 
"24 $40 Sum. 5 
12 A 35 Solar Noon per Watch. 

12 1 9 Solar Noon per Equatwn. 

© T 26 We before Solar Time. 


EXAMPLE II. 


At Sea, December oth, the Sun. 


| 105 g1'3 5% Alt. Sun's lower Limb 32 518 
13 3 2 Alt. Sun's lower Limb 32 18 
23 84 4 Sum. 

11 57 20 Solar Noon per Watch. 

11 58 27 Solar Noon per Equation, 
4; 2 Watch after Solar Time. 


In like manner the Watch may be examined N 
by Equal Altitudes of the brighteſt Fixed Stars, 


their Declination during the Interval being inva- 
riable. 
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EXAMPLE III. 
At Sea, March zoth, Sirius. 


Right Aſcenſion of the Star 6, 35' 44" 
Right Aſcenſion of the Sun o 36 34 
Sun Weſt of Star in Right Aſc. 5 59 10 


Interval of Equal Altitudes 1 52 14 
Half Elapſed 'Time 0 38 7 


Sun Weſt of Star in Right Aſc. 5 59 10 


Solar Time at Star's Tranſit 6 55 17 
Watch's Time at Mid-time 6 59 57 
Watch before Solar Time 0 4 40 


In this and other Examples of the ſame kind, 


the Half Sum of the two Times ſhewn by the 


Watch, is the Mid-time, or Time of the Star's 


vation; or, it is the Watch's Time of the firſt 


| Altitude, added to Half the Elapſed Time. 
Time-keeper (or rather of knowing nearly whe- 


ther it is before or after Solar Time) by Equal 


5. The principal Uſe of this Method is to de- 
termine how much a Watch or any other Time 


keeper is before or after either Solar or Mean-ſolar 


Time, at a Time and Place of Obſervation; and 


there is no doubt of its being practicable on Land 
with good Succeſs, where Inſtruments with proper 
Leleſcopes for viewing the Stars, and Clocks un- 
diſturbed by Accidents, can be applied; but, N 


Sea, the Circumſtances are different. 
If it be 


For, - 
6. Although the Obſerver may take any length 


of Time to announce the Inſtant when the firſt of 

the Equal Altitudes is taken, he is confined to an 
| Inſtant for the ſecond of thoſe Altitudes ; and if 
he fails, through Incapacity in himſelf or the In- 


ſtruments uſed, or any other Circumſtance attend- 


Ing the time or place of Obſervation, the Reſult 7 


will be accordingly. _ 5 
7. In Caſes where there is a Change of Decli- > 


9 85 nation in the Interval or Elapſed Time, a ſmall 
Error will ariſe in this Practice; this, in moſt 
parts of the Torrid Zone may be nearly annihi- 
lated, by taking two Equal Altitudes when the 
Sun is not far from the Meridian; but if the ſame 
Method be applied, when the San? s Declination 
and the Latitude are contrary and widely different 


from each other, the Sun's ſlow Change in Alti- 


tude near Noon, may make the Inſtant of Equal 


Altitude difiicult to be aſcertained, and there may 


be an Error accordingly. 


8. The Deficiency of this Method by Equal 


Aititudes, and the Difficulty of allowing tor the 
Change of Declination in all Latitudes by Tables 


adapted for the purpoſe, may be ſuppoſed to have 
been good reatons for introducing other Methods 
in their ſtead; and particu! arly ſuch "as can be 

practiſed with more Eaſe and Certainty. Amongſt 


the other Methods that have been pr opoſed, have 
K T been 


62 EQUAL ALTITU DES. 
been that by three Altitudes at the Ends of equal 


Intervals of Time, but this has its Objections, 


partly for the ſame reaſons as the former, and if 
four Altitudes were to be the Data at the end of 
equal Intervals, the Difficulties would become 
greater. 7 s 

9. When the equatorial Diſtance of either the 
Sun or Star from the Meridian, the Sun or Star's 


Polar-diſtance, and the two equal Altitudes have 
been thus taken, they form the three parts of 
a Spherical Triangle; in which, the Co-altitude 


is oppoſite to the Angle of Half Elapſed Time; 


the Polar-diſtance is oppoſite to the Azimuth from 
the point under the elevated Pole; and the Co- 
latitude is oppoſite to the Angle at the Sun or Star. 
The Latitude may therefore be had from theſe 
Data, by the Solution of a Spherical Triangle; 
this Method leads directly to the Anſwer, but it 

requires. knowledge of the Circles of the Sphere. 
It may be eaſily computed univerſally from any 


Altitndes, by the following Methods. 


U the Methods which have been propoſed by Mathe- 
muaticians, for finding the Latitude; by hawing 
Tao Altitudes of the Sun, and the Solar Time 
mneaſured between the times of Obſervations 
1. When or by whom this Problem was firſt 
Invented and propoſed 1s not certainly known, 
poſſibly it was at an earlier time than is generally 
imagined, ſince it has been in Engliſh Books of 
Navigation more than One hundred Years ; altho' 

in thoſe former times, the Inſtruments uſed in taking 
Altitudes, and the Time-keepers uſed in mea- 
ſuring Time, were much leſs perfect than thoſe of 
the preſent Age. Since thoſe times, it has been 
often revived and recommended as of great Uſe in 
Practical Navigation; notwithſtanding this, to the 
preſent time, it has not gained Credit enough to 

be brought into univerſal Uſe, but the old Method 
of taking the Latitude by having Meridian Alti- 
tudes of Sun or Stars, has been conſidered as more 
cCaſy, certain, and almoſt wholly to be depended on. 
28. As the Problem was firſt propoſed, and in- 
deed as it now ſtands, it is a general one, appli- 
cable to the moſt intereſting Particulars that can 
be derived from the Phænomena of the apparent 
diurnal Motion of the Sun, Moon, Planets and 
Fixed Stars; for, it has no other Data than can 

be eaſily taken at Sea (the Time meaſured by a 

_ 'Fime-keeper being correct) it is limitted to no 
particular Circumſtances ; and, its Solution gives 
the Solar Time of each Obſervation ; the Azimuth 


at each Obſervation, and the Latitude of the 


Place; except in each of theſe, the Errors in the 
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Obſervations, and in referring the irregular Figure 
of the Earth to the Heavens. 
3. Although the Problem be thus fairly limited, 


the Operations by the Data, are not ſo conciſe as 


to become readily applicable, by the generality of 


Perſons who make long Voyages; for, it has ſeveral _ 
Spherical Triangles, which muſt be analized if 
the Solution is purſued in the moſt direct and na- 
tural Way, and the parts of each ſhould be pre- 
ſerved to the neareſt Minute of a Degree; poſſibly, 


in many Caſes, the neareſt Half Minute may not 


be too exact for an Anſwer ſufficiently correct. In 
theſe Operations are four Caſes, namely. (See 
Plate, Vertical and Polar Spherical Triangles.) 


Caſe the F irg, for | the Latitude, having favs Alti- 


tudes and Elapſed Time ; by Spherical Triangles. 
If. When the Latitude and Declination are of the 


ſame Name (that is, both North or bothSouth) then, 


P will repreſent the elevated Pole, Z the Zenith, 
ſ the Sun at one Obſervation, S at another Ob- 
ſervation, if the Altitudes have been taken both 

before or both after Noon on the ſame Day. Con- 
ſequently, Z P being a part of the Meridian, af 
is one Altitude and Z its Co- altitude; 58 the 


and thereon drop Pd perpendicular, fo will the 


Angles made thereby at 4 be Right Angles, and 
in the two Triangles SP 4 and {Pd (each being 
a Right-angled ſpherical Triangle, right-angled 


other Altitude and S Z its Co- altitude, and \P : 
or SP is the Polar-diſtance. Let Sf be ſuppoſedly | 
Joined by the Arch of a Great Circle of the Sphere, | 


at 4) the Hypothenuſe or Polar-diftance is given, | 


alſo the Angles 8 P4 and ſP4, each of which is 


Half of the Elapſed Time. Hence, the Arch of 


Diftance of the Sun from Noon, the Azimuth 


Caſe the Second, for the Latitude, having two 
Alte tudes and Elapſed Time; by Spherical Tri- 


angles. 
2d. This is when any two Sides of the oblique< 


- angled Spherical Triangle formed above the Ho- 


rizon, 


a Great Circle Sſ being found, by it and the two | 

Co- altitudes S Z and ſZ, an oblique-angled Tri- 
angle 8 Z f is formed. But, in the Right-angled | 
Spherical Triangle, right angled at 4, the Angle 
Pſ{d being found, and in the oblique- angled Sphe- | 
rical Triangle S Z ſ the Angle ſ being found, the | 
one being ſubtracted from the other, leaves the 
Angle PZ; with this remaining Angle and the 
two Sides Pſ and Z ſ, a Calculation being made, 
gives the Angle \P Z, the Angle PZ ſ and the 
Side P Z; that is, the Hour Angle or equatorial 


FPFPPPFPPPFP PPP ˙ ⸗— R ooo. y 


when the Sun was at ſ, and the Co- latitude of the 
Place of Obſervation. FVVCVß Wt: 
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rizon, are together more than One hundred and 
eighty Degrees. Thus, if SP and Z P together 
make more than One hundred and eighty De- 


3 the ſupplemental Triangle 82 is to be 


lved inſtead of the other; then, will be found 
the Angle at the deprefſed Pole equal to the 
Angle at the elevated Pole ; the Angle at the Na- 
dir equal to the Angle at the Zenith ; and the 
Angle at the Sun, the ſame in both of theſe Tri- 


angles. Therefore, to avoid Errors, due care 
| ſhould be taken how thoſe 'Triangles are formed by 


the Circles of the Sphere. | | 


Caſe the Third, for the Latitude, having two Alti- 
tudes and Elapſed Time ; by Spherical Triangles. 
34. In the two firſt Caſes, the two Altitudes 


were ſuppoſed to have been taken whilſt the Sun 


was on the ſame Side of the Meridian (that 1s, 


both before or both after Noon). In this third 
Caſe, the Latitude and Declination are ſuppoſed 
both north or both ſouth, and one Altitude taken 
before, but the other after Noon. Here, the 
Points S and ſ, are ſuppoſedly joined by the Arch 


angled Spherical Triangles are to be found as be- 

fore; the Difference of theſe Angles is the in- 
cluded Angle either at ſor 8. Having this An- 
gle, the Polar-diſtance and Co- altitudes, as be- 
fore; there may be found, the Hour- angles, from 


Noon, the Azimuths, and the Co- latitude. 


Caſe the Fourth, for the Latitude, having two Al- 


titudes and Elapſed Time; by Spherical Triangles 


4b. This Caſe is when one Obſervation is made 
before and the other after Noon, on the ſame Day, 
and the Sum of any two Sides of the Spherical 
Triangles in the Data, are together more than 
One hundred and eighty Degrees (for then, the 
Sum of the ſupplemental Sides of the ſame Tri- 
angle below the Horizon, will be leſs than One 


hundred and eighty Degrees. In this Caſe, the 


ſupplemental Triangle below the Horizon is to be 
computed, and the Reſults whether. Angles or 
Sides, to be ſtrictly attended to, according to 
their Formation by the Curcles of the Celeſtial 


Sphere. 


4. Hence it is evident that a direct Method of 
Solution is no way difficult in either of theſe Caſes, 
but rather tedious, and (what is ſtill worſe) the 
relation of the Terms in the Data may be ſuch to 
each other and the anſwer, that the neglect of a 


few Seconds of a Degree in an Angle or Side 
leading to the laſt Reſult, may occaſion a percep- 


tible Error. If therefore ſuch an Error is to be 
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expunged, it muſt be by preſerving the Parts 
which enter into the Computation, to the neareſt 
Seconds that can be readily taken out from Tables. 
In theſe and many other Caſes where Seconds of 


a Degree are wanted in a Computation, the Lo- 


garithmic Tables publiſhed by me, will be found 

of general and ready Uſe, to any Accuracy that 

is wanted for nautical Purpoſes” . 
5. The Difficulties attending the Solution of 


this Problem, by a direct Method and the ori- 
ginal Spherical Triangles, have occaſioned ſeveral 
other mechanical and mathematical Methods to 


be introduced in their ſtead. Amongſt theſe, one 


Method has been propoſed, by help of a large 
Delineation and the uſual Data, to find the Data 


under their real and obſerved Circumſtances on 


the Delineation, and thereby to get the Meridian 
Altitude. This Method has ſeveral Objections; 
the Delineation requires greater Extent than can 
be 2dmitted ; alſo, the Perſons who are to uſe it, 
require greater Dexterity and Ingenuity than molt 
Perſons on Sea or Land have; and therefore, 
ſuch a Method cannot be brought into general 
| of n Great Cie be be former Cle) and der Another Mathod, hs been by means of & 
then, the Angles of the right-angled and oblique- Motions, Lines, Divide and Subdiviſions; this” 
Method cannot but be attended with conſiderable _ 
Expence, as the Workmanſhip alone will require 
it; and when all is done on this Plan, compare 
it with the Conſtruction of an Octant or a Sextant, , 
and the many Difficulties to be overcome, in 
making one of theſe to anſwer without an Error of 
a Mme of a Dans - . Ennio ns ng 
6. The Diſcovery of the Latitude, by having 
Altitudes taken when the Sun is not on the Meri- 
dian, continuing to appear of no {mall Conſequence 
in Navigation, about Half a Century ſince Ma- 
thematicians began to conſider, by what additional 


Data the greateſt part of the Difficulties in the 


Calculation might be removed (it being certain, 
that both in the Watch Method of finding the 
Longitude at Sea, when ever Time-keepers could 
be brought to ſuch Perfection that they might be 
depended on during a whole Voyage, and like- 
wile, in the Lunar Method of finding the Longi- _ 
tude at Sea; the Latitude muſt be known previous 
to a Calculation for the Time at the Ship) and 
knowing that from the many and frequent Oppor- 
tunities of taking the Latitude by Meridian Alti- 


tudes of Sun and Stars, the Latitude may thereby 


be commonly known within certain Limits; they 
therefore ſubſtituted this Latitude by Account as 
an additional Datum, and formed Rules from 
the whole for the true Latitude and the Solar 


Times of Obſervation at the Ship's Place. 


— 
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07 the Logorithmic Solar Te bl, aud Natural 1 
which are commonly ujed in finding the Lalitude; 
having two Aitituides of the Sun, the Elapſed 
Tims, aud the Latituie a, kept in the $5 7 5 
Re cg. ng. 


„The Tables by which Calculations in this 


M bod: have been commonly made, are Loga- 


rithmic Sines, Logarithmic Secants leſs Radius, 


Common Logarithms and their Numbers, Natural 


Sines and their Arches, together with a peculiar 
Set of Tables called Logarithmic Solar Tables, 
cContaining Logarithms of Half Elapied Time, 
Logarithms for Middle Time, and Logarithms 
for Ri ſing to every Half Minute of Time, from 
| © to Six Hours. Theſe Logarithmic Solar Tables 
were conſtructed by Mr. Cornelis Douwes of Am- 
ſterdam, about forty Years fince. 


2. When the Solar Tables were NA printed ! in 


this Kingdom, they were without Logarithms of 
| Numbers, Log. Sines, Log. Secants leſs Radius, 
and without Natural Sines ; the three firſt were to 
be taken from the common Books of Navigation, 
the latter were to be ſupplied by the Numbers and 


their Logarithms, making them to anſwer for Na- 


tural and Logarith mic Vines, by altering. the | 
| Inden Figure. | 

In 1771 Mr. N. D. Falk publiſhed thoſe 80. | 
= T ables, with the additional Logarithms and 
Natural Sines to five Places of Figures; this was 
by ſome perſons thought deſerving Encouragement. 


O 


The Nautical Almanac or Aſtronomical Ephemeris 
for the ſame Year 1771 contained thoſe Solar Ta- 
bles improved to every Ten Seconds of Time, by 
i John Campbell; theſe were reviſed from 
the Preſs in 1769 by me. 

4. In finding the Latitude by this Method, the 
two Obſervations mutt be made between Nine 
in the Morning and Three Afternoon”, a great 

Variety of Particulars are to be remembered to 
know when the Data are under favourable or un- 
_ favourable Circumſtances ; becauſe, this Method 

is an Approximation by the firſt Operation, and 

that may give the Truth or it may require two or 
more Operations. Under the moſt favourable 


Circumſtances, in the firſt Operation * the Error 


in the computed Latitude will not be above a fourth 
Part of the Difference between that by Compura- 
tion and the Latitude by Account.” 

5. Whether one, two or more Operations are 
made by this Method, in each Operation there 


will be Ten Applications to the Tables; namely, 
twice for Natural Sines; twice for Secants leſs 


Radius; once for the Logarithm or a Number; 


once for the Logarithm Halt the Elapſed Time; 
once for Hours, Minutes and Seconds in Middle 
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Time; once for the Logarithm of Time from 


Noon, or Logarithm of Rifing ; once for a Natural 
Number, after ſubtracting Log. Ratio; and once for 
the Degrees and Minutes of Meridian Altitude. 

6. Of theſe Ten turnings to the Tables, three 
require proportional Parts, even when'the latter 


improved Tables are uſed, but more eſpecially 


when the Half-minute Tables are ufed ; two re- 
quire Care concerning the Index ; theſe are Ob- 
ſtructions in the Calculation. Beſide theſe, there 


are together Six Additions and Subtractions, in 
each firſt Operation; and in a ſecond or third 


Operation, only three Logarithms and one Natu- 


ral Sine, are the ſame as before, which ſaves mu 1 


Calculator ſo much Time and Care. 
7. The Number of theſe Steps to be taken i in 


every Operation, and their Variety, has been 


without doubt the Cauſe of this Method's having 
been leſs practiſed than it otherwiſe would. If the 


Solution of a Problem be by a continued Proceſs, 


without turning many times to Tables, or work 


ing for proportional Parts, a few eaſy Additions 
: and Subtractions will be readily gone through, 
and the Anſwer will come out with more Eaſe and 


Certainty and in leſs time, than in INT the 


ſame Number of Figures from different Tables; 


eſpecially when proportional Parts are to be worked 


5 tor beſide, and the Proceſs is after an intricate 
manner not caſily to be remembered. | 


8. It is farther to be noted that, the greateſt 


Interval of Time between the two Obſervations 1s 
to be no mere than Six Hours, in which Interval, 
when the Sun 1s near either of the Equinoctial 
Points, the Sun's Declination alters near Six Mi- 


nutes of a Degree; and there is no Proviſion for 


this or any other Change of Declination in the uſe 
of thoſe Solar Tables; nor is there any Method 
of knowing the Error ariſing from ſuch or any | 
other Change of Declination. 1 
9. Hence theſe Inferences. 175. Thoſe Tables N 


are applicable, only between Nine in the Morn- 
ing and Three Afternoon. The limits of this 
Interval may not be eaſily determined at Sea; and 
the want of knowing ſomewhat near the Ti ime, 
may occaſion ſeveral Operations. 24. They have 
no Proviſion for the Change of the Sun's Declina- 


tion. This, in uſual Caſes, may ſubject the Con- | 


cluſion to an Error of ſeveral Minutes in Latitude. 


34, The Number of Figures in the logarithmic 
Solar Tables together with the Natural Sines to 
be uſed with them, in the beſt ſtate they have been 


yet publiſhed, amounts to near Seventy-five thou- 
land; and although theſe make near four Ninths 


of the Number of Fi *1gures contained in all the 


Log. Sines, 'Vangents and Secants to the ſame 
number of Places (and theſe latter are general 


Tables for Practical Aſtronomy) yet, thoſe Na- 
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tural Sines are to but five Places of Figures. In 
working by this Method and by thoſe Tables, the 
Natural Sine of the Sun's Meridian Altitude is to 
be found and it is that which the Latitude depends 
on. The Natural Sines to five Places of Figures, 
have their firſt Figures beginning to repeat at about 


Eighty-eight Degrees and half of Altitude for each 
Minute of a Degree; ſo theſe Natural Sines fail 
thus much within about two Degrees and half of 


the Zenith, and ſuch Altitudes often happen in 
various Parts of the Torrid Zone. 47. The Va- 


riety arifing in the Application of the Solar Ta- 
bles, both for the Latitude and in the contrary 
Problems to which they may be applied, is great, 


and the Precepts numerous; whilſt it is certain 
that the Intricacies ariſing from a manifold Va- 


riety in Computations, cauſe Difficulties and 
Error; the fewer the Precepts are, the better they 


may be applied; the more numerous they are, the 


greater need there is of Judgement and Remem- 
brance in the Calculator, and where he is defi- 
cient in either of theſe, and has not the Precepts 
before him, or (it may be) does not know their 
meaning, he cannot be expected to be able to 
Work out the Obſervations. $574. Whoever has 
examined the Methods uſed by the Antients in 
conſtructing Problems by the help of Natural Sines, 
| - muſt know that very eaſy Conſtructions were known 
to them, which would form very difficult Calcula- 
tions; and that ſuch are become but little better 
for general Uſe, ſinee the Lavention of Logarithms. 
Ihe like may be obierved concerning many excel- 
lent Diſcoveries made by the Modern Algebra, 
where the Equation (after all that can be done in 
reducing it) reſts either in an ambiguous, ad- 
ſected, exponential or ſome other State, which is 
Improper to be given out for general Uſe. Any 
Method of finding the Latitude from thoſe Data, 


between the ſame Limits of Interval, as eaſily and 


Correctly, is as good as that by the Solar Tables. 
A Method extending to any Number of Hours, 

and at the fame time correcting for the Change of 
* Declination, is preferable to the Method by the 
Solar Tables. A Method which contains all the 


forementioned Caſes, and at the ſame time ſolves 


|} the Difficulties, without depending on a Watch 
for meaſuring the Elapſed Time, is much beyond 
what can ever be expected from the Logarith- 


mic Solar Tables. Such Methods follow in this 
= a. 
ERR » > Approximations. 5 


I. When the Solution of an aſtronomical or any 
dther Problem has been purſued, either by the 
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ſynthetical or analytical Method of Reaſoning, 
and an Expreſſion for the Anſwer 1s bel 
ſuch an Expreſſion will ſometimes conſiſt of parts 
eaſily to be operated and ſuch as give almoſt the 
whole Anſwer, but of ſuch other Parts as may have 


but little Effect on the Anſwer yet are with Diffi- 


culty to be computed 


2. In ſuch Expreſſions, the principal and more 


eaſily to be computed Parts may be uſed for the 


Whole, and the other Parts rejected; in conſe- 
quence hereof, an Anſwer brought out by this Con- 
traction and proper Data with the Anſwer included, 

will be nearer the Truth than that which was 
aſſumed; and if this Anſwer together with tile 
ſame proper Data be operated anew, the Anſwer 


will come out nearer the Truth than before; and 


ſo on, a third, fourth or more times, till the 
Truth itſelf is diſcovered or nearly fo. 1 
3. This Method of Computation is called a 
Method of Approximation, on Account of its 
approaching nearer and nearer to the Truth at 
each Operation, and is applicable, When TWO 
Altitudes and Elapſed Time are given, with 
the Latitude by Account, to find the true La- 
4. In theſe Data, the two Altitudes, Elapſed 
Time, and Sun's Declination, are real and true. 
If the aſſumed Latitude be the true Latitude, the 
Anſwer wil! alſo be the true Latitude from the _ 
Compoſition of the Data. If the aſſumed Lati- 
tude is greater or leſs than the Truth, the An- 
ſwer converges toward the Truth by each Ope- 
ration, until it is the Truth itſelf, if ſufficiently | 


oe SO. 


of | Natural Siues, as they are formed from Loga-- 
rithmic Sines, Common Logarithms, and their 


Numbers, iu the Author's Treatiſe of. Loga- 


_ rithms. 


I. In the Treatiſe here referred to, as in other 
Tables, the Index to the Logarithmic Sine of _ 
Ninety Degrees is Ten, and it diminiſhes to Six, 
at the firſt Minute of the Quadrant. 
2. In the Table of Common Logarithms and 
their Numbers, the Logarithms without Index are 
to fix Places of Figures; the Natural Numbers 
belonging to them are to four Places of Figures, 
and the Indexes are prefixed to the Logarithms, 
which anſwer for the Natural Numbers. 


3. At the beginning of Nautic Tables, is a Ta- 


ble of Proportional Differences for the Common 
Logarithms and their Numbers, which is to be 
uſed thus. When a Common Logarithm is to be 
found for fix Places of Figures without __ j 5 
8 | | | | n 
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find the three firſt left hand Figures at the Side, 

the firſt right-hand Fi ome of the four at 'Top, and 

then go on with the Table of Proportional Diffe- 

rences thus. Find the Difference of Logarithms 

in Common Logarithms under Dif. in Propor- 

tional Differences, the Tens of Numbers with the 

ſuperadded Number for Units under 10.20 &c. at 

Top, add theſe to the Logarithm taken from 

| the Table, and the Sum is that required. The 
contrary to this finds the Natural Number to fix 
Places of F; igures, when the Common Logarithm 

is given. 

4. In making the firſt, Operation for the Lati- 
tude, having two Altitudes and the Elapſed Time, 
with the Latitude by Account, four Figures of 
Natural Numbers and as many for Logarithms 
will be ſufficient in moſt Caſes; nevertheleſs, by 
this Method, ſix Figures may be had by Inſpec- 


tion when they are wanted, or when it is neceſſary 


to take them out at once, without turning a Jecqna ; 


time to aw Tables. 8 | 
""EXIX. 


: Has ding 7 blinds of the Suns Centr 2, cleared 
from Semidiameter, Dip and Retr action, and 
Refrattion, and taken betaween Nine in the Morn- 


ig and Three Afternoon, the Solar Time mea- 
red between the obſervations, the Sun's De- 


EY, ination, a a Latitud, ec hat th 7 43 a 
4 tude fomewhal near the Tu Logarithms) to four Places of Figures, add this 


to the former Natural Number and the Sum is' the 
Natural Sine of the Meridian Altitude to four | 


"#0: Ja the tr ue Latitude. = 
. Add together, 


+ 8, Log. Co-kine of half Sum of Alticudes: 
+ Log. Sine of Half Difference of Altitudes, 
34. Co-ar. of Half Elapſed Time, 
437. Secant leſs Radius of Declination, 
5. Secant leſs Radius of given Latitude. 


In the Sum reje& Index Ten; Remainder i 15 Log. . 
Sine of Middle Time from Noon. 


and Half of the Elapſed TIE: and take Half of 


the Remainder. 


Then, add together as follows, 


8.5. Log. Co-fine of the Declination, 
9th. Log. Co-fine of the given Latitude. 
In the Sum, reject Index Thirty, the Remainder 
is a Common Logarithm, whoſe Natural Number 
added to the Natural Sine of the greateſt Altitude, 
E ad the Natural Sine of the Meridian Altitude. 
This Rule is a complete Subſtitute for 


the Logarithmic Solar Tables, in their Appli- 


cation for the Latitude having two Altitudes and 
Elapſed Time. It is taken from the Author's 
_ Treatiſe on Logarithms, and may be rendered 


ſix Places beſide Index; th. Log. 
the Latitude, to four Places beſide Index. 
the Sum reject Index T hirty- fix; the Remainder 
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more ready for : accurate Application and Practice, 
thus. 


2. Take out to fix Places of Figures beſide 


Index; 1/7. The Co- ſine of the Halt Sum of the 


two Altitudes; 2d. the Sine of the Half Diffe- 


rence of the two Altitudes; 3d. the Co-ar. of 
Half the Elapſed Time; 4%. the Secant leſs 


Radius of the true Declination; add them toge- 


ther and call their Sum the Conſtant Total to be 
reſerved. 

3. In a fiſt Operation, proceed thus. To 
the Conſtant Total, add the Secant lefs Radius, 


of the Latitude by Account to four Places of 
Figures beſides Index; in the Sum reje& Index | 


'Ten, the Remainder 1s the Log. Sine of Mid- 
dle Time from Noon. 
between this Middle Time and Half of the Elapſed 
Time and take Half of the Remainder. Then, 
add together as follows, 6th. This conſtant Lo- 
garithm 0.301030; 77h. Twice the Log-line of 
the Half Remainder, to four Places beſide In- 
dex; 87h. Log. Co-ſine of the Declination to 
Co- ſine of 
In 


is a Common Logarithm; take out its Natural 
Number. 10th, Leſſen the Log. ſine of greateſt 


Altitude by Six, and with its fix Figures beſide 


Index, take its Natural Number (in Common 


| Places of Figures ; therefore, find its Logarithm 
in Common Logarithms, and add Six to the 


5%. Take the Difference 


. 2 Nt =. Mo 


a 


a he 


Index, the Sum 18 the Log-ſine of che Meridian n 


Altitude. i 
4. In other words, this Method for a firſt Ope- | N 


ration, may be expreſſed thus. Take the Sum 


9 85 . of the four firſt Steps to ſix Figures beſide . 
Take the Difference between this Middle Time 


and the Co- ſine of the Declination to the * 
Number, ſo there will be but once turning to 


ſecond or a third Operation is to be made for the 


Truth itſelf, there will be but three other times 
turning to the Tables, and one Inſpection of the 


Table of Proportional Differences, to have ſix 


Figures for the Natural Sine of the Meridian 


Altitude; which is Ten times as exact as the Solar 


Tables with their Table of Natural Sines to five 1 


Places of Figures. 


FO oor 


as 


. 
1 
5 


| the Tables for them, and four Figures will Gary | 
1 . the other Parts through the Proceſs; but, When a 
_ 6h, Twice the Log. Sine of the Half Remainder, : 


eh. This conſtant Logarithm 0.301030, 


= 


Ik 


In this Method, the Elapſed Time is com- | ba 
monly ſuppoſed ſuch as is meaſured by a Watch or 
other Time-keeper keeping very nearly Solar | 


Time during the Interval; for, in ſuch Caſe, the 


Time meaſured by the Watch is very nearly | 
= _ analogous |: 


* 


PR - 


uh Lat. Acc. N. 5958 Sec. leſs R. o. 3006 


the 


nes 


the f 
ix 72 
ian 
ve 


om 5 


1 or 
olar 


SW ORE OOO .- 


nnn erent 


5 
4 


Altitude 28 


4 Great, Alt. 28 54 Sine 1 


FROM NINE TO THREE. 


analagous to the apparent Equatorial Motion. In 
like manner,'a Watch or Time-keeper keeping 
fiderial or ſtarry Time may be uſed, when two 
Altitudes of one and the ſame Fixed Star are 
obſerved, for the ſame Reaſons ; but, if a Fixed 


Star is obſerved, and the Interval meaſured is 


ſolar Time, it ſhould be reduced to ſiderial Time, 
by a E Part for the Difference between 
EE: ©; 

6. After the ſame manner, the Primary Pla- 
nets, Saturn, Jupiter, Mars and Venus, may be 
applied; due allowance being made concerning the 
lntery als of their apparent Diurnal Revolutions. 


EXAMPLE I. 
„ 


. 42---:- 
Sum 49 36 
Diff. 8 12 
+ Sum 24 48 Coſine 9957979 
. + Diff, 4 6 Sine 854291 
2 El. Time 15 © Co- ar. o. 587004 
Decl. N. © © Sec. leſs R. 0.000000 


Conſtant Total to be reſerved 19.399274 
Lat.Acc.N.60 © Sec. leſs R. o. 3010 


Mid. Time 30 6 Sine * 7003 
= El. Time i 
Remaind. 15 5 0. 301030 
: Remaind. . 33 Sine 9.1185 
Ditto 9. T7 18 
Decl. N. o o Cofine 10. 000000 
Lat, ACC. N. bo © Coſine 9.5 n 
| Com. Log. 2.2370 Ne 172 


355 No 4833 


-1 6 30 2 Sine 5 9994 Sum 05 
F 
Soest. 30 2 


Latitude N. 59 58 by if Operation. 


| Second Operation. | 
Conſtant Total to be reſerved 19. 399274 


Mid. Time 30 4 Sine 9: 6999 . 
ir 80 
Remaind. 1 8 ; o. 3010 
12 z Remaind, = 32 Sine £4." 0, 4296- 
Ditto 9.1176 
| 109.000 
. Lat. Ace, N. 8 Coſine 9.6994 
59 . Com. Log. 2255 No 172 
\ 4833 
Merid. Alt. 30 2 sine 9. 6994 Sum 5005. 
N. 0-0 


$ Co-lat. 30 
Latitude N. 59 58 by 2d Operation. 
zous 


Merid. Alt. 28 36 Sine 
Decl. 8. 


Altitude 


5 Decl. N. 
Conſtant Total, to be reſerved 18. 646794 
Lat. Acc. N. 47 19 Sec. leſs R. o. 1688 


or ſix Figures each. 


FROM NINE TO THREE. 6 


7 
EXA MP L, . 
Altitude 28012 
Altitude 16 49 
Sum 45 1 
Diff. 11 23 TE 
I Die 22 30 Coline 9.965615 
Diff, 5 41 Sine 8.995 708 
2 
El. Time 26 15 Co-ar. 0.354294 
Decl. 8. 13 17 Sec. leſs R. 0.011777 
Conſtant Total, to be reſerved 19. 327454 
Lat. Acc. N. 47 40 Sec. lets R. 0.1717 
Mid. Time 18 24 Sine 9.4991 
2 El. Time 26 17 5 
Remaind. 7 51 o. 301030 
+ Remaind. 3 55 . 8.8348 
ö „ ne + © Ay 
Decl. 8. 13 17 Coſine 9.988223 
Lat. Acc. Tae: 40 Cone 9883 
Com. Log. 1.7865 No 1 


Great, Alt. 28 12 Sine 3.6744 N* 4725 
9. 200 vor 4786 


TY ID 


Obst. i 33 
e Latitnde N. 48 7 by 7 if Operation, which is bur 
$7 half a Minute leſs Wan the 1 ruth. 


EXAMPLE Ui. 


Fi 59% 
/ Altitude 16 0. 
-- , 0; 101 8 " 
V „ 
2 Sum 50 34 Coſine 9.802897 
4 Diff. 1 25 Sins 8:393101_- 
2 El. Time 21 15 Co-ar:-.- 0.440766 


12 16 Sec. leſs R. o. 10030 


Mid. Time, 3 45 Sine 8. 825 
El. Time 21 15 
. Remaind. So ©. 301030 
2 or Remaind. . 45 Sine 9.1822 
fy VV 
- Deck, N. 12 16 Coſine e 15 
Lat. Acc. N. 47 19 olive e 
Com. Log. 2.4866 No 307 


Great. Alt. 51 59 Sine 
Merid. Alt, 54 56 Sine 
Decl. N. 12 16 
Co- lat. 42 10 AS 
Latitude N. 47 20 true Latitnde. 


3.8964 No 7878 
9:9130 Sum 8185 


In a ſecond Operation, theſe fifteen Fan 
are reduced to ten; and tele may be tour, hve 


4 EXAMPLE 


5 e, e 


Conſtant Total, to be reſerved 18. 986887 


es FROM NINE To THREE. 


EXAMPLE IV. 


Altitude 192417 
Altitude 17 13 
Sum 36 54 
Dift. : 2268 | 
2 Sum 18 27 Cofine 9977083 
2 z Diff. 1 14 Sine 332924 
2 El. Time 30 Co ar. 4 414903 
Des. S. 20 © Sec. leſs R. 0.025014 


Conſtant Total to be reſerved 19 221323 


Lat. Acc. N. 50 40 Sec. leſs R. o. 1980 


Mid. Time 15 14 Sine 9: 4193 
T Et. Time 7 6 | 
* Remaind. 7 44 0 301030 
+ z Remaind. 3 "FS . 3.899 
Ditto 8.8289 
Decl. 175 20 o Coſine 9.972986 
| Lat. Acc. N. 5 49 Coſine 0.8080 - 
Com. Log. 1.7338 No 54 
Great. Alt. 19 41 Sine 3.6/4 Ne 3368 
* 20 1 Sine Þ 5343 _—_ 3422 
VT e 


Latitude N. 49 59 by n Operation which; 1s 55 


= | N Minute — man the Trat 


: : E x 1 M PL E 2 v. - 
Altitude | 


1 : 210 6 : 
Altitude 17 40 
Sum 9 38 
ß29Jß3ß 
ZE Sum 19 47 Coſme 9.9735 8o%/ 
1 Diff. 2 7 Sine 8 567431 
2 El. Time 22 20 Co-ar. o. 420223 
Decl. S. 49 30 Sec. leſs R. 0.025653 


Lat. Acc. N. 47 34 Sec. leſs R. o. 1709 


Mid. Time 8 16 Sine Fo 9: I $77: 
2 El. Time 22 20 | 
; : | Remaind. 14 4 | 5 o. 301030 

1 in. 1 2 Sine 9.587 

85 ᷑tftf 
Decl. 8. 19 30 Coſine 9. 974347 3 
Lat. Acc. N. 47 34 Coſine 9.82911 | 

Com. Log. 2.2802 No 196 


: Great. Alt. 21 55 Sine 


35720 Ne 3733 


Merxid. Alt. 23 8 Sine — 9.5943 Sum 3829 
Decl. S. e „ 


19 30 
Co-lat. 42 38 


L. atitude N. 47 22 by iſt Oper 
but a Minute and half leſs than the Truth. Hence, 
when the Latitude by Account 1s nearly true ; the 


ſeven firſt Logarithms being operated and — 5 


thew the Error of the Watch. 


Altitude 


2 El. Time 1 


Great, Alt. 20 24 Sine 
Merid. Alt. 21 39 sine = 
Decl. 8. Ys 

Co-lat. 3 
Latitude N. 48 47 true Latitude. 


ration; which is 


ANY Two ALTITUDES, 
EXAMPLE VI. 


20024 


Altitude 13 
Sum 34 14 
Diff. 6 34 
x Sum 17 7 Coſine 

2 Diff. 3 17 Sine 
30 Cor ar. 
Decl. 8. 19 34 


50 


9.980325 
8.757955 


O. 708345 
Sec. leſs. R. o. 928 


Conſtant Total, to be reſerved 19. 46445 
Lat. Acc. N. 48 3o Sec. leſs R. o. 1787 


Mid. Time 26 5 Sine 9. 6431 
2 El. Time 11 30 1 = 
Remaind. 14 35 . o. 301030 
Z Remaind. 7 17 Sine e 
Na „ e 
Decl. 8. 19 34 Coſine 9.974167 
Lat. Acc. N.48 30 %ſã].] 8 
Dom. Log. 2.3025 N 201 


3.523 N 3486 
: 9: * Sum 367 

19 34 . 

41 13 


. By theſe Examples and the order of the Na- | 
tural and Artificial Siaes, four Figures beſide Index | 
are ſufficient for giving the Sun's Meridian Alti-⸗-- 

| tude as near as is wanted, whilſt that Altitude does | 
not exceed Seventy Degrees; for under this it 
generally gives it to the neareſt Minute of a De- 


gree. If an Error of two Minutes of a Degree in 


the Latitude would not be thought too much, the 
fame Number of Figures may (in uſual Caſes) be © 


uſed for Altitudes to near Eighty Degrees; thus far 


Operations may be made a firſt, ſecond, or any | 
Number of times very readily with a few Figures 
 _ after the conſtant ones are taken out at length; and 
then, the whole, ſix may. be applied, if the Calcu- N 


lation requires . 
oy xx. 


Henley any two Altitudes of the Sun's Centre Aurel | 


From Semidiameter, Dip and Refraction, the Solar 
Time between the Obſervations, the Sun's Decli?- 
nation, and the Latitude & Account 1 z 10 258 the | © 

true Latitude, ; 


This Problem may be praftiſed either at Sea : 


Fa. on Land, but with a Remark, that at Sea, the 


two Altitudes will commonly be taken, when the 
- FP has been removed from One Place to another, 


and therefore the Altitude taken at the ſecond 


Place, will not be the ſame as it would be, if taken 


at the firit Place of Obſervation, An Allowance for 
this Change of Place, is to be made thus, 1 


2. From the Place where the firſt Altitude! is } 


taken, ſuppoſe an ee Line drawn toward 


the 
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ANY TWO ALTITUDES. 


Point perpendicularly under the Sun, and like- 
wiſe, let it be continued behind the Ship's Place, 
and call it the norizontal Line of the firſt Obſer- 
vation. 24. When the. Ship is removed to the 
ſecond Place of Obſervation ; find, by the Courſe 
made with this Line, and the Diſtance failed, the 
Place of the Ship at the tecond Place of Obſerva- 
tion. 3d. 'The Diſtance failed will be the Hypo- 
thenuſe of a Right-angled Plane Triangle, the 


Departure from this Line will be one Leg, and 
the other Leg will be the number of Minutes to. 


be either added to or ſubtracted from the ſecond 
Altitude, to reduce it to what it would have been 


if taken at the firſt Place of Obſervation. 


3. To exemplify theſe Rules, let the horizontal 
Bearing of the Sun, at the firſt Obſervation be 
ſuppoſed South South Eaſt, or any other Bearing, 
and on that Line will the additive or ſubductive 
Minutes be reckoned, as the Difference of Lati- 
tude is on the Meridian. The Altitude may be 
any thing at the firſt place of Obſervation, but 


the Quettion is, what are the Minutes additive or 
ſubductive, for any given Diſtance from the mw 


F and Cour ie with this Line! # 


EXAMPLE 4 


1 in the Line 10 Miles. 9 
Courſe with the Line o Degrees. 
1 FCorrartion: ſubductive 10 Minutes. 


EXAMPLE 1. 


| Backward i in the Line 30 Miles. 
Courſe with the Line o Degrees. 
Correction additive 30 Minutes. 


and Place will admit; becauſe | 
creaſes and decreaſes the faſteſt i in Altitude. If 
either of the Altitudes be taken very near Noon, 


longer Interval may be admitted, 
there will be to be kerupulouſty « exact in the Al- 
| titudes. 


ANY TWO ALTITUDES. 69 


Obſervation; and therefore, the whole Difference 
of Altitude ariſes from the Curvature of the Earth 
or Sea. 

5. Beſides a correct Allowance for the Removal 
of the Ship in the Interval, the Obſerver ſhould 
ſee that the Sextant or Quadrant to be uſed is ad- 
juſted as correctly as it can be; and the Watch to be 


uſed, brought to as equable a Rate of going as 


poſſible. t will be beſt if one of the Altitudes 
(at leaſt) be taken as near the Prime Vertical or 
Eaſt or Weſt Points of the Horizon as the Time 


it will be a diſadvantage, becauſe near the Meri- 


dian the Increaſe and Decreaſe in Altitude is the 
ſloweſt. Under other Poſitions, the Effect of a 
ſpheroidical Horizon, will ariſe from Circum- 
ſtances before particulariſed. 


6. The Elapſed Time meaſured between the 
two Obſervations, may be about an Hour, or leſs 
or more, at the Diſcretion of the Obſerver, taking 


all precaution and care that it be meaſured accu- 


rately ; but, the ſhorter the Elapſed Time is, the 


greater attention and care ſhould be employed to 
In Caſes where . 


have the Altitudes accurate. 
the leſs need 


7. It is particularly to be noted; that the Sun* $ 


Declination ſhould be known to the neareſt Minute 


of a Degree, for the Inſtants when the two Alti- 


tucdes are taken, and taken out from an Ephe- 
meris, without truſting to any imperfect Tables. 


If the Ship has kept a Reckoning, the ſuppoſed _ 


DD Longitude and the Ship's Time Toughly known, 


E X A MPL E III. 
Right Angles to the Line 20 Miles. 1 


Courſe with the Line 90 Degrees. 
Dorrection pi. 
Ex A M Pp L E IV. 


Forward toward Sun 20 Miles. = 
_ Courſe with the Line 36 Degrees. 
Correction ſubductive 16 Minutes. 


EXAMPLE V. 


_ Backward from Sun 40 Miles. 
Courſe with the Line 50 Degrees. 
a Correction additive 25 Miles. 


PE In theſe C Caſes, the Sun's Diftarce from the 
Barth being ſo great when compared with the Di- 
ſtance ſailed in the Interval, the Sun's apparent 
removal between the two times, is as it would be 


in a circular Line keeping an equal Elevation 
above an horizon: tal Plane at 


and in uſual Cafes, 
neareſt with the Elapſed Time, the Obſervations 
will have been made one of them before and the 


the Place of either 


will give the Ephemeris's Time roughly, and 


from the Principles before delivered, this will be 
ſufficiently exact for taking the Declination, in 
order to get the true Polar- diſtance. 

8. If che Obſerver takes two Altitudes at the . 


time of the firſt Obſervation, they will ſhew whe- 
ther the Sun is riſing or falling in Altitude, and 
the like may be ſaid for the Time of the ſecond _ 

| Obſervation, and theſe will ſhew whether the Ob- 

ſervations were made on one or on different Sides 
of the Meridian; but, 


there is no neceſſity of 
attending to this, becauſe the Computation is ſuch, 
that the t two Four-angles or equatorial Diſtances, 

of the Sun from Noon are here to be calculated ; 
when the Sum of them agrees 


other after Noon; but, when the Difference of 
them agrees neareſt with the Elapſed Time, they 
will have been made both before or both after Noon. 
9. The Obſcrvations being made, the Obſerver _ 
will have dix things given, namely, the two. 
8 N | ü Altitudes. 


, there, the Sun in- 


70 ANY TWO ALTITUDESa 


Altitudes, each in Degrees and Minutes cleared 


from Semidiameter, Dip and Refraction; the 


Elapſed Time turned into Degrees and Minutes, 
the Sun's Declination, and conſequently his Polar- 
diſtance, the Latitude by the Ship's Reckoning, 
either imperfectly known or ſuppoſed ; and with 
theſe any other Latitude greater or leſs than that by 
the Reckoning, at Diſcretion; in order from them 


| to find the | true Latitude. 


Ws © 56 


| Ceneral R ules * computing the true Latitude, having” 
the Latitude by Account, two Altitudes, the Elapſed 


Time, the Sun's Declination, and a newly affumed 
Latitude at Dise retion. 


With the Co-latitude by che Ship? 8 3 


158. the Polar-diſtance, and each of the two Co- 

altitudes, compute the two Hour- angles from Noon, 
for the Times of the two Obſervations, and their 
Sum or Difference (that of the two agreeing near- 


eſt with the Elapſed Time) will be the firſt Proof 


that the Latitude by the Reckoning, is either true 
or erroneous ; for, if the Latitude uſed in theſe 
- Calculations is the true Latitude, the Elapſed 
Time thus found will be nearly the ſame as that 
which was obſerved. If it be more or leſs, the 
Latitude uſed is not the true Latitude, and another 5 
Latitude muſt be uſed, to diſcover the Truth. 
2. Aſſume another Latitude, a little greater __ 
leſs than the former ; and by its Co-latitude, and 
the other Data before mentioned, get the Elapſed. 
Time, and it will be more or Tels than the firſt 
calculated Elapſed Time. Here may happen three 
_ Cafes. 1/7. The meaſured Elapſed Time by the 
Watch may fall between the two computed ones. 
24d. Both computed Elapſed Times, may be greater 
than that meaſured by the Watch. 34. Or, both 
computed Elapſed Times may be leſs than that 
meaſured by the Watch. In either of the two lat- 
ter Caſes, it will appear which of the two Lati- 
_ tudes uſed is neareſt the Truth; for it will be that 
which has its computed Elapſed Time neareſt to 
the meaſured Elapſed Time. = 
3. Subtract one computed Elapſed Tine: from 
the other, the Remainder is to be a firſt Term 
in Direct Proportion; a ſecond Term is the Dif- 
ference of the two aſſumed Latitudes ; and, a 
third Term is the Difference between the mea- 
fared Elapſed Time and either of the two com- 
puted Ones ; that which is for the neareſt Lati- 


tude to the Truth being the moſt proper to be 


uſed. 
4. As the Difference of the two mated. 
Elapſed Times, is to the Difference of the two 
aſſumed Latitudes from which they were computed ; | 


ANY TWO ALTITUDES. 
fo is the Difference between the meaſured Elapſed 
Time and that arifing from either of the aſſumed 
Latitudes (which is here ſuppoſed to be that of the 
neareſt to the true Latitude) to a number of M1- 
nutes of a Degree; which are to be added to or 
ſubtracted from, the neareſt Latitude to Truth 
(when it is uſed, as the Caſe requires) and the 


Sum or Difference is the Latitude corrected by the 
firſt Operation. 


5. With this corrected Latitude and the former 
Latitude that was aſſumed neareſt the Truth, make 


a ſecond Operation, and ſo on, till the true Lati- 


tude is thus found; or otherwiſe infer it by the lit- F 


tle Differences increaſing i in the Approximation. 


Then, the Elapſed Time, with all other particu- Þ 


lars computed therefrom, will be near the Truth. 


6. Among the Copper-plate Prints in this Trea- 
tiſe, is one for illuſtrating this Method of Calcu- 


lation at large, from the Original Data to the 
Anſwer. The following Example, is formed from 
real Obſervations made by me in London, when 
the Situation of the Sun was not under favourable 
Circumſtances, notwithſtanding which, it + hp 
the Latitude YEP near the Truth, 


EXAMPLE L 


- Laxitade by Account N. : 50? of 
Sun's Declination N.“ "24 25 - 
One Altitude cleared „ 

Other Altitude cleared „ 


Elapſed Time meaſured 8 47 . 
8 Required the true Latimade' "Y 1 


„„ Latitude by Account. 185 
Lat. Acc. N. 50 of 3 


Polar-diſt. N. 66 33 Co- ar. 9.07 
1ſt. Co-alt. 44 34 . 


„ 81 7. PE 
Half Sum 75.33 _ : 9. 98604 1 
Remainder | 30 59 Sine 9.71163 


7 9 19.902704 
| 3 x Coſine 9.96352 
40 Alt. 3 Noon 122 15 _ "Me - 
Lat. Acc. N. 50? & 30 
Co-latitude 40 © Co-ar. o. 19193 
Polar- diſt. N. 66 33 Co-ar. 0.03744 
2d. Co- alt. 39 40 : ET 
3 Sum 146 13 
Half Sum 
Remainder 33 26 ie 9.94112 
. d 
19 © Coline 9. 57586 6 
2d. Alt. a Noon 38 o 
iſt. Alt. a Noon 46 19 


_ Elapſed Time 8 19 for Lat, EE 


| Co-latitude 40 © Co-ar. o. 19193 'I 


"74 © Sine 9.98083 | 


2 wh 


— 
With 


a e en hy e ee 


2 W om og _ 
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ANY TWO ALTITUDES. 


With Latitude aſſumed. 
Lat. aſſumed N. 52? of 


Co-latitude 38 o Co-ar, 0.21066 


Polar-diſt. N. 66 33 Co-ar. 0.03744 
1, Co-alt. 


44 34 
Sum 149 
Half Sum 74 33 Sine 9.98401 
_ Remainder 9 30 Sine 9.69875 
e Sum 19.930860 


Th 22 332 Coſine 96543 
15 it. Alt. 3 Noon 1 7 85 a 


Lat. aſſumed N. 52% O Cor, o. 21066 - 
_ Co-latitude 38 0 Co- ar. o. 03744 


Polar- diſt. N. 66 33 
2d. Co-alt. 39 40 
Sum 1441 
Half Sum 72 6 Sine 95 Bas 5 
Remainder 32 26 Sine 9.72942 


5 18 zz Sum 19.95597 
2d. Alt. 3 Noon 36 TY Cotine 9.979 


Iſt. Alt. a Noon 45 7 - 
Elapſed Time 8 56 for Lat. 520 o 
8 Elapied Time 8 19 for Lat. 85 0 
Difference o 37 Diff. 2 0 

: True El. Time 8 472 e 
Elapſed Time 8 56 for Lat. Sec 

. W ge 3 * VV 
As 37 : 8 2 ſub. 28˙ 

"ns KEE with 007-0 - 
Lat. by ſt, Operation $1 32 


. In this Method, it is to be obſerved, that 


F although the two Altitudes, the Polar-diſtance 


= and the Elapſed Time, be each of them accurately 
7 known, the Latitude by the Ship's Reckoning 
may be ſuppoſed greater or leſs than the true La- 
: titude by ſuch a number of Degrees or Minutes, 
that the Elapſed Time cannot be computed from 


it and the other Data; this at firſt ſight ſeems an 


Imperfection in this Method, but it is an Advan- 
tage, as will appear from the following Conſi- _ 


I, derations. 


8. If, when the Seed Polar- 8 


and either of the Co- altitudes enter into the Queſ- 
tion, the Sum of any two of them together doth not 

make as many Degrees and Minutes as are in the 
third of them, the Queſtion is impoſſible; becauſe 


any two Sides of the ſpherical Triangle together, and in high Latitudes, any Part of the Day max 


are greater than the third Side. Conſequently, 
the Error is in the Co- latitude and Latitude by 
account or aſſumed; aud this inſtantly points out 
a greater or leſs 
Truth. Hence allo, in many Caſes, an eaſy Me- 
thod ariſeth or knowing how to make the Aſſump- 


tion at firſt Sight, within proper Limits at leaſt, 


to be taken out; 


to, will (in uſual Caſes) ſhorten the Time of Ope- 
ration, | 


atitude to be taken nearer the 


ANY TWO ALTITUDES. 517 


| and fo as to come near the Truth by one Ope- 
ration, with the Ship's Latitude by Account. 


9. Although a ſingle Operation by this Method, 
has more Figures than ſome others, they are eaſily 
to be taken trom the Tables, and ſeveral of them 


repeat throughout an Operation; this leſſens a 
great part of the labour that would otherwiſe hap- 
pen. 


The Co-ars. and Sines, of Arches more 
than Ninety Degrees are taken out as inſtantly as 
thoſe under Ninety, from the Author's Logarithms ; 


che Co-ar. of Co-latitude and of Polar-diftance 
repeats in every Operation, and this alone takes 
off a fifth part-of the turnings to the Logarithmic | 
Tables. Another Circumſtance attending this Me- 
thod, is the nearneſs of the Pages to each other, 


from which the Logarithms for both Latitudes are 
this alone if properly attended 


10. However perfect the Latittides of Places 


may be ſuppoſed in Maps and Charts that are ele- 
gantly Engraved and decorated with ornamental 

Compartments, there is ſufficient Reaſon to con- 
_ clude that many of them want no little Correction 


in Latitude ; this is one general Method whereby 


ſuch Corrections can be made, and the Latitudes 
of Places in the interior Parts of Countries and of 
Places near the Coaſts, determined ſuthiciently p 


exact for Geography and Navigation. 
11. In the Lunar Method of finding the Longi- = 
tude at Sea, this Method is applicable; firſt for 


diſcovering the Latitude, by having any two Alti- 
tudes and the Elapſed Time, and ſecondly, for 
diſcovering the Time at the Ship, to be compared 
with the Ephemeris's Time; the Sum or Diffe- 


rence of theſe being the Longitude. - 
12. It is alſo applicable for taking the Variation 


at Sea, at any time or place; for, the Latitude _ 
being hereby known, the true Azimuth becomes 

known, and the Difference between the true and: | 
Magnetic Azimuths is the Variation. 


13. This Method being confined to no particu- 


lar Limits of Elapſed Time; may therefore be 
applied univerſally, any where. 


Near the Equi- 
noctial Line, the Elapſed Time between the two 


Obſervations, may be for any Part of the Day, 


under a quick Change of the Sun's Altitude, and. 
without Error from the Earth's ſpheroidial Figure ; 


be employed for the Latitude by this Method; if 
the Latitude is wanted, to avoid Danger, paſs "oy 
Strait, or for other uſeful Purpoſes. | a2 
14. Thus may this Method be practiſed, without 
entering into a Conſideration of the various Caſes 
of Spherical Triangles, which muſt be known in 
going through the Solution after a direct manner; 


22 


72 TWO ALTITUDES. 


for, in the preſent Method of Solution, when the 
Latitude is correct, the Elapſed Time computed 


| therefrom will be nearly the ſame as that meaſured, 


and in other Caſes the Accuracy will depend on 
that of the Data, and the Redoctzons to the Circles 


of the Sphere. 


CXXII. 


Having one Altitude of the Sun rake ſomewhat near 
Noon, and another Altitude taken (on the fame 
Day) at any time before or after Noon. when tbe 


San has had no viſible Change in Declination, the 


Elapſed Solar Time, and the Latitude 4 Account ; 
to find the true Latitude. 


1. When the Latitude 1 is to be Karies at Sea 


by this Method, care ſhould be taken to obſerve 
one Altitude of the Sun, between the Time of Sun- 
riſing and the Time when the Sun is about Half 
an Hour paſt Noon at the Ship; the other Altitude 
may be taken at any Time between the firſt obſer- 
vation near Noon, and Sun: ſetting. The Time 


elapſed between the Obſervations is to be carefully 


meaſured; alſo, a correct Allowance in one Alti- 
tude for the Removal of the Ship. The nearer 
one of the Altitudes is taken to Noon, the more 
5 _— will be the Latitude. 5 
Having the two Altitudes, the Elapſed 5 
Time and the Declination, the Polar-diſtance is 
to be found, and then the Operation with theſe 
| and the Co-latitude by Account will be as follows. 
1. Add together, the Co- latitude by Account, 
the Polar-diſtance, and the Complement of the 
leſler Altitude; take Half their Sum, and from 
that Half Sum ſubtract the Complement of the 
| leſſer Altitude, to get a Remainder. _ | 
24, Add together, the Co-ar. of the Co- lati- 
tude, the Co-ar. of the Polar-diſtance, the Sine 
of the Half Sum, and the Sine of the Remainder ; "0 
_ © Half the Sum of theſe four Logarithms, is the 
Coſine of an Arch; which Arch being doubled, 
is the equatorial Diſtance of the Sun from the | 
Meridian of the Ship, at the Time of the leaſt 
Altitude, nearly. The Difference between this 
and the Elapſed Time is the equatorial Diſtance 
of the Sun from the Meridian of the Ship, at the 
time of the greateſt Altitude, nearly. In theſe | 
Caſes, if the Latitude is nearly true, the Times 
will be near the Truth; but otherwiſe the true 


Times muſt be expected from a repeated Ope- 


..ratzon- 4 
3d. Add together, the JOY a the greateſt : 
Altitade? s Diſtance from Noon, and the Coſine 
of the Declination; omit Index Ten in the 
Sum, the Remainder is the Sine of the firſt Arc, 
wWhhoſe Secant leſs Radius take out and reſerve. 


TWO ALTITUDES. 


4th. Add together, the Sine of the Declination, 
and the reſerved Secant leſs Radius; omit Index 
Ten in the Sum, the Remainder is the Coſine of 


the ſecond Arc. 


5th, Add together, the Sine of the greateſt 
Altitude, and the reſerved Secant leſs Radius; 
omit Index Ten in the Sum, the Remainder is the 
Coſine of the third Arc. 

655. Take the Difference between the ſecond 


Arc and the Co-declination, and it 1s the Cor- 
rection. Add this Correction to the third Arch 


when the Polar-diftance is leſs than Ninety De- 


grees; but, otherwiſe ſubtract it from the third 
Arc, the Sum or Difference 1s the Meridional 


Z.enith-diſtance. 
7th. The Sum or Difference of the Meridional 
Zenith- diſtance and the Declination (as in uſual 


Caſes) is the Latitude, by the firſt Operation. 


If this be near the Latitude aſſumed, it needs no 
farther Correction; but, when they differ much, 
a ſecond Operation with the corrected Latitude 


is to be made as before. Here follow Exam- 
ples for illuſtrating* this Method, by Logarithme 
rot fix to War Places of FI beſide Index. = 


1 x A M Pp L E 2 
„ 510 20 j 
Co- lat. N. 38 31 Co-ar, 0.205692 ..--- 
Polar-diſt. 66 33 Co-ar. 0 037438 | 
Co. leaſt alt. 44 34 „ 

e en, 1 8 3 

5 Half Sum 74 49 Sins 9.984569 
I: 30 15 Sine 9.702236 

b om 19-929035 

V 22 422 Coſine 9: 94907 

From Noon 45 25 
„E Time 8 48 
From Noon 36 37 Sine 9. 715580 
JJ 29-27 Come  g.g992 502 
Firſt Are. 33 lot sine 94738142 
Decl. N. 23 Sine 9.599827 
Firſt Are. 33 1oZSec.1. R. 0.077273 ------| 

Second Arc. 61 3 Coline 9.677100 


Great Alt. 50 20 Sine 9.886362 


Firſt Arc, 33 10ZSecant. 9.587673 
Third Are. I 7 Coſine 19. 9636 35 
8 Second Arc. 61362 | 
„ Corgdects; M6 237+. 
Correction 4 562 
Third . „. 
Zenith-diſt. 28 32 
3 Decl. DOLLS: 23 27 | 
True Lat. N. 50 30? 


EXAMPLE | 
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„ OW 2 
Polar dit. 7043 og X | 
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v la-. 43. 40 Gar. 0.10060 
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e big 
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1 9. 99047” 
. 80366. 


. 97150 
90575. 
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4) 
/ 
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* 


95 ee, 
ne od 


1.9994 
9. 23507 


7.99729 


770008 


16299 
ar O. 00048 


. 


- 93413 


. 99015 


Zulu, as the det directs Hite 14. 19 pg.by O. Dunn. 


Plate C. 
Lage . 


bel 2 4 W 1 3 * 
Nee Eur ciation fe 3 n 


TWO ALTITUDFS. TWO ALTITUDES. = = 


This was the true Latitude, EL 


EXAMPLE Ut. 
-.- Sit Operation. 


1. Ace. N. 402 = 


Fo 
EXAMPLE II. EXAMPLE IV. 
F 5 * Firſt Operation. 

Lat. Acc. N. 315 1 Acc. N. 510 30 

Co lat. N. 38 28 Co- ar. o 206168 Co- lat. N. 38 30 Co-ar. o. 205850 
Polar-diſt. 72 34 Co- ar. 0.020422 Folar-diſt. 66 32 Co- ar. 0.037492 

Co. leaſt Alt. 44 53 Co. leaſt alt. 52 30 

Sum 155 55 Sum 157 32 

Half Sum 77 57 Sine 9.990324 Half Sum 8 46 Sine 9.991600 
Remainder 33 4 Sine 9.736886 Remainder 26 16 Sine 9.645962 
. „ Sum 19.953800 Sum 19.880904 

383 18 31 Coſine e 29 % Sanne 9.940462 
i = 00-0: DES 
From Noon 22 21 Sine 9. 38008; Te From Noon 1 21 Sine 8.372171 
1, 26 Coſine 9.979538 Decl. N. 23 28 Coline 9.962508 
Firſt Are. 21 162 Sine 9.559663 Fir are x x4 ine 8.334679 
Decl. N. "17 26 Sine 9.476535 Decl. N. 23 28 Sine 9.600118 
: 21 16% Sec. l. R. 0.030654 JV R. S. % ftr 
Second Are. 71 15 Coline 9.50 1900 . Second Arc 66 314 Coſine 9.600219 
r. Alt. i 335 Sine 9.894046 Gr. Alt. 62 © Sine 9.945935 
JJ 8 Roozobes. > JV R. 0.000101 I 
Third Arr. 32 46 Coline 9. Os. Third Are 27 58 Coline 9 940090. 1 
Second Arc. 71 15 Second Arc 66 312 PT: 
Co decl. 72 34 eich diſt. 349 _Co-decl. 66 32 Zenith-diſt 27 0 582 855 
Correction 119 Decl. N. 17 % Correction o of Decl. „„ 
Third Ae, 32 46 Pa. N. * * Third Arc 27 58 Lat. N. 5. 262 


b a ſecond Operation, the true Lat. 1s 5 20² : 


EXAMPLE IV; 


Lat. Acc. N. 


3 e 


Co-lat. N. 43 40 ' Co-ar. o. 16086 1 8 Co- lat. N. * 5  Co-ar. | f ©. 001656 _ 
Polar-diſt. 78 43 Co-ar. 0.008476 Polar-diſt. 88 o Car. 0.000205 
| Co. leaſt Alt. J Co. _ alt. 74 © . 
ZZ 8 e gf 5 
; 5 Half Sum 82 44 Sine 1 1 = alf Sum 123 30 Sine . i. 921107 5 
1 Remainder | 39 39 Sine 9.804886 Remainder * Sine 9.881045 
5 Sum 19.970720 | oy Sum 19.804073 _ 
VVV 47 Coſine : MEM, YL 3 32 Coline Pn 
4 1 Noon 90 29 385 | „ From. dan „ . | | 
V EV 
From Noon 8 20 Sine 9 161164 F f Noon © 53 5 Sine Fe, 8.187985 : 
Decl. N. 1117 Coſine 9.991524 Dec 7 „„ Coſine 2225 
Firſt Are. - 8 10 Sine 9.152668 one #$ 53 ine 8.1872 
Decl. N. 11 17 Sine 9.291504 Decl. N. 2 © . K 8.542819 
8 de Se., 7 00 o. Oooοο· 
Second Arc. 78 36 Coſine 9.295931 Second Arc. 88 o Coſine 8 642872 
Gr. Alt. 57 7 Sine 9.9080 Gr. Alt. 86 o Sine 9.998941 
EE... 3.2. LS Cn” 1 | Sec. I. R. 0.00005 2 
Third Arc. 35 4 Coline 9.913027 . a 3 54 Colineg 2998993. 
Second Arc. 78 36 — BWME-ATC...DD...Q.... = 
Co-decl. 78 43 Zenith-dift.z5211" ara 2 Zenith-d iſt Cy 5 
Correction o 7 Decl. N. 1117 Ibis _ 8 Lat. N. 
Third Arc. 35 4 Lat. N. 46 28 Third Arc, 3 54 True Lat. ; 54 


Here the greateſt Alt. was near the Meridian. 


By a lecond * che true Lat. 46 30 


+ EXAMPLE 


74 


TWO ALTITUDES, 


EXAMPLE VI. 
Firſt Operation. 


Lat. Ace. N. 30 
Co-lat. N. 86 
Polar-diſt. 83 0 


Co. leaſt alt. 74 


. 
Third Are 5% 


"Go-decl: $5 0 


O 
Sum 243 O 
Half Sum 121 30 


3 
Remainder 47 3 


37 10% 


From Noon 74 21 
C 

From Noon 0 39 
„ ĩðͤ FD 
Firſt Are 0 39 
% 


Correction © o 


| Co-lat.S. 8g 2 


- Whig Ave . 17-58; 


0 


Co-ar. 0.001059 


Co- ar. 0.003249 


Sine 9. 930766 
Sine 9.86763 11 
Sum 19.8027 
Coſine 9.901352 


Sine 8.05478 
Coſine 9.996751 
Sine 8.86133: 
Sine 9.085898 
Sec. l. R. o. ooooz2z 8 
Coſine 9.085923 
Sine 9.995753 
Sec. 1. R. 0.000028 
Coſine 9995780 


Zenith- diſt. 7 95 ; 
Decl. N. 2 0 
Lat. S. 0 8 


EXAMPLE VI. 


Second Operation. 
| Latitude 8. on os 


Polar-diſt. 


Flalf sam 130 
e .. 


Z Co- ar. 0.000062 7 
7-0 Co-ar. o. co3249 
Co. leaſt ae. 74 oO e 4 ikke 
Sum 260 2 . „ Ee 
bt Sine 9. 883748 

Sum 19. 15135 . 
55 : Coſine 9.90059 

3 V 


El. Time 5 ö 8 
From: Noon — 5 


Firſt Arc a. 


| Deel. N. 7 


Third Arc. 7 54 


aw 3 
Second Art 83 0 
Great. Alt. 82 


180 


e 
„ eee Arc: e 
Co-decl. 83 © 
O 
4 


Correction o 


Sine 8. 38 7 

3 Coſine 9.996751 
sine B.335504 
Sine 909390 
Sec. I. R. 0.000101 

| Coline 9.085996 
Sine 9.995753 

Sec. I. R. 0.000101 _ 

Coſine 9. 995854 


Zenith- diſt 7 54 
Dee. N. 


3 
True Lat. S. o * 


Half Sum 121 30 
Remaiader 49 3 


Decl. "oP 


Second Arc 8 Y 
Great. Alt. 86 © 


Latitude N. | | „ 
_ Co-lat. N. Ag, Co-ar. 0.000471 
Polar- diſt. 4 4 | Cour 0.002385 


IN? 6 
Firſt Are: 2 0 
| Decl. N. 8 ::< 
2 
+ 
6 


; Second * 8, 1 - 
| Great. Alt, 86 


. Co-decl. 84 
Tir AarR 3 2 


TWO ALTITUDEZ, 


EXAMPLE VII. 
F 15 Operation. 

1 Acc. N. 30 O 
Co-lat. N. 33 
Polar. diſt. 84 


o Co-ar. 0.000596 
O 
Co. leak wt. 72 0. 
0 
©) 
0 


Co-ar. . 0.002386 


Sum 243 oy | i 
Sine 9.930766 
Sine 9.881048 
Sum 19.814793 
36 7 Coline 9.90739 


; From Noon 72 14 


El. Time 70-0. 


From Noon 2 14 Sine 8.890% 21 
t 
Fir Are 213 Sine 8398 
6 
2 


© Coſine 9.997614 


o - Same gown. 
13 Sec. I. R. 0.000325 

4 o Coline 9.019560 

6. © Sine 9.998947; 

„„ WEEs bo R. 0.000325 


. mg Arc- 3:20 Coſine 9: _— 
"Yorba Are: e 
- Co-decl. .' 84 Zebith: dif, 30 2 oY 
Correction o Decl. N. 6 - 5 
Tn Arc 3 2 Lat. N. 28 


EXAMPLE VI. 
” . 8 = 


Co. leaſt alt. 72 0 
Sum 243 20 


5 Half Sum 121 40 Sine 9.929989 
| Remainder 49 40 Sine 9.882121 


FFV 
36 5 Coline 9.907483 | 


5 From Noon 72 10 


El. Time 70 D 


N 
„ Coſine 9.997514 , 


9 Sme-- © 8.75580 
o Singe 9.019235 
9 8. R. 0.000306 
o Coſine 9.019541 
O 


Sine 9.998941 
Secant 0,000306 


Third Arc 3 23 Colne. 9 999247 


Second Arc 84 
Zenith- dift. 25 
Decl. N. 5 3 

True Bat. N. 2 37 


Correction 3 


200 00 


eee n 


5 2 _ N - 


" mxanerz || 


* ee 4 n 2 * 7 1 


TWO ALTIUDES, 


Firſt Operation. 


Lat. Acc. N. 432 300 


TWO ALTITUDES. 


El Lime 16 0. 
From Noon 4 48 
JJ 
- Firſt Aer. 431 
D 30 0 
Second Are. 69 56 
Great. Alt. 19 41 


Third Are. 70 15 
Second Are. 69 . 


Co. decl. 


[| Half Sum 
1 Remainder 39 30 


Co-lat. N. 46 30 Co- ar. 04139438 
Polar-dift.. 113 28 Co-ar. 04037492. 
Co. leaſt Alt. 830 © | 
Sum 239 58 
Half Sum 113 59 Sine 9.937603 
| Remainder 39 39 Sine 9.807917 
3 Sum 19.922450 
ee 23 51 Coſine 9.961223 
From Noon 47 42 | 1 
D 3 
From Noon 2 42 Sine 8.673080 
Decl: N. 23 28 Cofine 9.952508 - 
CCC 109 om 7 [+ | oe 
Decl. N. 23 28 Sine 9.600118 
I Ses I. R. o. ooo40o8 
Second Arc 66 305 Coſine 9 600526 
n. 22 G n 9.873638 © 
CCC 8 
Third Arc 67 58, Coſine 9. 573983 
Second Arc 66 36x e 
Co- decl. 66 32 Zenith- diſt 639 TY 
Correction o z Decl. N 23 28 
Bs This Arc 5 58 . . 44 282 


EXAMPLE vi. 


Co-lat. N. 


| Co. lead A 


Sum 


: | From Noon 46-16-77 


1 irſt Are | 
Decl. N. 


Co- decl. 


Correction 
= "Third Arc 


| Latitude N. 44 028 


Second Operation. : 
. ee 
113 28 Co-ar. 
it. 36-0. 
0 


Second 1 66 312 Coſine 
Great. Alt. 


5 Third Arc 6 . 
Second Arc 66 31 3 
| Zenith-diſt. 672 59. 


119 3 Fine 

Sine 9.803510 
„„ n 
23 8 Coſine 9.963604 
OY 18 Coſine 9.962508 
110 Sine 9.30% 
23 28 Sine 9.500118 
1 10 Sec. I. R. 0.000090 
9. 00208 

22 0 Sin 9.7% %, 
Sec. 1. R.o.000090 
67 59; Colme 9.573005 


Decl. N. 


0. 146510 
0.037492 5 


9.939697 


23 28 


True Lat. N. 44 31 


75 
EXAMPLE IX. 
Firſt Operation. 

Lat. Acc. N. 50% 0“ 
_ Co-lat. N. 39 20 Co: ar. o. 199027 
Polar-diſt. 110 o Co-ar.0 027014 

Co. leaſt Alt. 72 47 | 

Sum ä 
Half Sum 111 3 Sine 9.970005 
Remainder 38 16 Sine 9.791917 


Sum 19.986964 
VV | Dn 9-994" | 
From Noon 19 48. 5 5 1 To 


Sine g. cialis 


Coſine 9.972986 

Sine 8.895590 
Sine 

Sec. l. R. o. oo 1351 


Ooſine 9.535403 


9.534052 


Sine 9.527400 
Sec. I. R o. 01432 
Coſine 9. 526832 


: I 0: -Seohilth- diſt. 705 11. 
Of Correction . © -0 
2 Third Are. 8 75 15 Lat. N. 5⁰ 11 
E X AMP L * *. 
Second e 8 - . 
Latitude N. 8 . 
| Co-lat. N. 39 49 Co- ar. o. 1 5 5 
Folar-diſt. 110 o | Co: ar. 0.02; 1 
Co- leaſt. Alt. T3007: - | = 
Sum 22 36 | 
Hlalf Sum 131 18 Sine 498961 
Remainder 38 31 + 9.5 794308 . 
„ Coin: hit 15 
From Noon 2143 RP 
JJ Tc AD "3 
From Noon s Line - 9.073366 | 
Decl. 85. 20 o Coline 9.97 2986 
PFirſt are .- "8 24 ©: Mine. JON 
5 Decl. 8. 8 dine % 
5 23 - Sec.l-R.0.002701-- 
| Second Arc 69 524 Coline 9 536753 
Great. Alt. 19 $7. 9 527400 
Ne 8 Sec. Ro. 02701 
Third Arc yo 11 Coſine 9.5 30101 
Second Arc 69 522 e . 
Co- decl. 70 o Zenith-diſt. 70% 32 
Correction 0 72 Decl. 8. 20 9 
wwe ei Ua. N 8 3% 
Buy the Firſt Operation Lat N. 50 11 


2 approaching — trus Lat. 0 © 


EXAMPLE. 


Half Sum 
ö Remainder | 39 


TWO ALTITUDES., 


EXAMPLE X, 


Firſt Operation. 
Lat. Ace. N. 49% 10 
Co-lat. N. 40 50 


Polar-diſt. 110 o 
Co- leaſt Alt. 72 47 

dum 223 37 
111 ” 


12 45 


From Noon 25 30 
El. Time 
From Noon 10 30 


Co- ar. 
Coar. 


r 


MEFS. © 26 0 
Firſt Arc 9 52 
Decl. 8. 20 0 
9 52 

Second Als 69 41 
5 Great. Alt. 19 41 ü 
Second Arc 69 414 

Co- decl. 7. 0 

Correction | o 19. 
| Third Arc 70 i 


Coſine 


| Coline 


Lat. N. 


0. 184515 
0.027014 


Sine 9.967775 
Sine 9.799028 
— "Him 19.978332 


Coſine 9.989 166 


Sine 9. 260633 
9.972986 | 
Sine 9.233619 
Sine 9.534052 
Sec. I. R.o.co6472 
: 9.649554. 
Sine 9.5 27400 


Coſine 


Sec. I. R. O. 006472 
533972 


| Zenit dil. 69? 42 55 
3 
49 1 | 


Decl. S 0 5 


Ex AM P I. E x. 


. Half Sum 


Second Operation. | = 


Latitade N. 4942 
Co-lat. N. 
Polar- diſt. 

Tor leaſt Alt. 72 47 


49 18 
110 © 


Sum 223 5 
111 32 


5 Co- ar. 


Third Arc 70 6 

Second Arc 69 47 

Co-decl. yo 0 Tenith ditt. 69% F530 
Correction 043 Decl. s 20 0 
By the firſt o baden Lat. N. 49 42 


8 


RKRemainder 38 45 4 E yy : 
Fn ns | ' os 
. 1 
El. Time 4. CT £ 
From Noon B 40 Sine 9.178072 Es 

Decl. 8s. 20 o Coſme 9.972986 
Firſt Arc 8 84 Sine 9.151058 
Decl. 8s. 20 o Sine 9.534052 
38 $64 Secant 0.004400 
Second Are 69 47 Coline 9.5 38452 

Breat. Alt. 19 41 Sine 9.527400 


Sec. I. R. o.oo44oo0 
Coſine 9. 1190 2 


By approaching Differences, true Lat. 50 @ 


ANY TWO ALTITUDES, 


EXAMPLE XI. 
Firſt ETON 


Lat. Acc N. 47% 24 
Co-lat. N. 42 36 
Polar- diſt. 


Sum 160 58 
Half Sum 80 29 


Remainder 39 47 


77 40 
Co- leaſt Alt. 40 42 


„% bb 
From Noon 


e n 24 41 
El. Time 42 30 
From Noon 17 49 

Decl. N. 12 20 
Firſt Arc 17 23 
Decl. N. 12 20 
- 5 5 47 232 
Second Arc 77 34 
Great. Alt. 52 4 

Third Arc 34 157 


Second Are 77 322 
_ Co-decl. C 


Coſine 


0.189237 
o. op- 


25 Sum 161 10 
Half Sum 8 


From moon 17 27 
Decl. N. 12 20 
Firſt Are 17 2 


Second Are 77 54 
Great, Alt. 52 4 


Third Arc 34 25 
Second Arc 77 1 
Co- decl. 1 pe 

Correction 
Third Arc 34 25 


By the firſt Operation Lat. N. 


Co-ar.. 0.169491 


Co- ar. 


Sine STE; 
Sine 9.806103 


Sum | 19. 97971 
Coline 9 15 


tine ad 
- 9.989860 
vie 9.475542 


Coſine 


Sine 9.3295 
Sec. I. R. o. 2 


9.349921 
Sine 9.896926 


Sec. I. R. o.oa20322 : 
* 7345 - 


Zenith- diſt, 34 0 FL 


Coſine 


Sine 9.896926 


Sec. I. R. 0.019483 | 
e 


Zenitb- diſt 34 89% ; 


Coſine 


ecl. N. 12 20 


Lat. N. 
47 12 


By che Medium of the ru, true Libs 47 18 
EXAMPLE | 


0.010149 


9999857 


4 194 


1 


77 40 

Doreen © 36 Decl. N. 12 20 

8 Irs Are 6 5 34 152 Lat N. 1 47 1 

BXAMPLE Xt, © 

. I. | 
f 1 N. 4712 5 

Co-: lat. N. 42 48 Co-ar. o. 88 5 
Polar-diſt. 77 40 Co-ar. o. 010140 
% Co nh nt 


Sine 9.994108 
Sine 9. % n 
3 Sum 5 IS 9979107 = 
Bl. Tine 42 0 & : | 
; Sine. 9. PET | 
| Coline 4 989860 


15 ; Sine 67 . 
Decl. N. 5 12 20 Si | 9.46 98 | 


ne F< 329599 
Sec. I. R. 0.019483 
Coſine 9.349080 


5 
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TWO LATITUDES. TWO ALTITUDES. 5 
3. From theſe Examples, it is evident that this 


EXAMPLE XII. Method approximates toward the Truth in each 


Firſt Operation. Operation; but, that the relation of the parts of 
Lat. Acc. N 49917 the Data to each other, may be ſuch, as either to 
Co-lat. N. 40 43 Co- ar. 0.185540 give the Reſult greater or leſs, or alternatively 
Polar-diſt. 113 28 Co ar. 0.037492 greater and leſs than the Truth, at the End of 
Co. leaſt Alt. 77 11 each Operation. Thus, in Example the third, 
Sum 231 22 the Approximation is by a continued Increaſe ; 
Half Sum 115 41 Sine 9.954823 in the fourth it is a Confirmation; the Sun was 
| Remainder 38 30 Sine 9.794150 Very near the Meridian, at the times of greateſt 
— Sum 19.972006  Altitudes, in the fifth and ſixth Examples; in 
14 27 Coſine 9.986002 the ſeventh it is by a continued decreaſe; in 
JJ TR Wa our the eighth by continued Increaſe; in the ninth. 
El. Time 55 © the like; in the tenth by continued increaſe ; in 
From Noon 26 6 Sine 9. 643393 the eleventh by increaſe and decreale ; and the 
Decl. S. 23 28 Coline 9.96258 like in the twelfth Example. 
Fü Arc. 23.48 Sine 9.608901 4. It is alſo evident that, the approach toward : 
f y the Truth, is in ſome inſtances greater by a ſingle 
RE FEY 8 R. 0.038598 Operation, than in others; and therefore, the 
| Second Arc 64 12 Coſine 9.638716 Terms in the Data may ſometimes be o related 
1 Great. Alt. 14 15 Sine 9. 391206 to each other in the extreme Limits of the ap- 
| | See. . N.. 038598. proxi mation, as to admit of no Convergency, and... 
| Third Are 74 232 Coſine 9. 499904 beyond thele Limits a Divergency may arile ſo as 
Second Arc 64 12 do render the Operation inſufficient, although _ 
3 Co-decl. 66 32 ee diſt. 7203 x within proper Limits it may readily converge to 
Correction 2 20 Decl. 8. 23 28 near the Truth. In ſuch Caſes, due regard 1 15 
N Lara Arc | 74 231 Lat. N. 0 357. mhould be had to the Deſign of the Operation, and 


and the Data that are Proper: tor bringing out a 
5 true Reſult. - 
5. Thus, in the e Examples, the {mall 77 

equatorial Dit ance of the Sun trom. the Meridian 

at the time of greateſt Altitude, is what makes : 


E x A M P L E XII. 

„ Second orn. | 
| Lat. Acc. N. 487356 FE - 

0.179450. 


8 | 


7 * Co-lat. N. 41 25 the Operation converge quickly toward the Truth; 
. Polar-diſt 113 28 Co-ar. 0.037492 and the reverſe, from a great Diſtance. The 
Co leaſt Alt. 77 11 ME i Te Examples, Diſtances in whole Degrees, and Tena. 
ä Sum 232 +: Wo On ono denc are neal as follows. 

— Half Sum 116 Sine 9.953377 ö * W 

RF FEHalt Su Sine 

1 Remainder 38 51 Sine 9.797404 5 Examp. "mY Diſt. Comvergoucy: Te 

= Sum 19.967043 = 

1 5 284 n . Abegrees, o. 

—— 8 n TY e 9:99 397 5 2 ſlow. 

. 9 El. Tame l 5 5 Ho DET {F< "mn * grees, quick. K. 

From Noon 24 3 Sine 9.610163 . 11 ib 1 8 — 

F PDecl. 8. 23 28 Coline 9.962508 8 7 1 Degree, very e quick. 

A Fu Arc © 21 Sine 9.87071 -- 3 2 1 B „ | 

= Decl. $. - 23 28 Sine 9.500118 4 74 Fs 1 5 = uick 

2 3 21 577 Sec. I. R. 0.032631 _ 8 A Des = ITE SFr . 

5 Second Arc 64 342 Colne 9.632790 43 73 gt = Hh 8 wo 

Great. Alt. 14 15 Sine 9.391206 33 B 8 

JJJJVVVVVVVVVVVVVVVVTTTVCT W Le = 5 

. HK Third Are 74 364 Coſine 9.423887 % do » oo ob 

E Second Arc 64 3 45 n 3 Having the Obſervations properly made, 

89 Co- decl. 66 32 Zenith-diſt. 752939" in order to make the Operation tor the Correction, 

54 Correction 1 574 Decl. S. 23 28 it is neceſſary to take notice of the Number of 

2 I Third Arc 74 304 Lat. N. 49 11 Figures that are abſolutely Wanted for finding the 

6 | : Medium of the two Operations Lat. 4.8 three Arcs in this Method, to the neareſt Halt- 


This 1 1s but a Minute leſs 1985 the Tru 


0 


— minute of a degree; becauſe, on them the Anſwer 
| * 
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> TWO ALTITUDES: 


depends. In the foregoing Examples, the Loga- 
rithms are taken out to fix Figures beſide Index, 
if the Latitude be fought near that time by this 


not as Examples for ail others to be made to as 


many Places of Figures, it being evident that 


five, and frequently four Figures beſide Index 


may be ſufficient for general Uſe ; but, this will 


be eaſily known by the Logarithms for the Arcs, 


as they ariſe, If four Figures be uſed to get the 
firſt Arc, and its Coſinc is ſo great as to require 

hve or even a ſixth Figure, they may be rea- 
dily added; 
| ſecond and third Arcs. 


and che like may be ſaid for the 


make the Ce leulation more conciſe and equally 
certain. 


7. When it 1s . from two Operations, | 
that the Queſtion is under the increaſing, de- 


creaſing, or alternative Circumſtances, it will be 


but ſeldom neceſſary to make a third Operation; 
for, under the two former, the Ratio between the 
two Corrections will lead nearly to the Truth; 
and under the latter the Truth will be nearly | 
a Medium of the two Corrections. If one Alti- 

tude is taken near the Meridian (and many ſuch 
can be had) Tediouſneſs in the Proceſs by this 
' Method, will vaniſh, and the firſt Operation 
f N go direftly to near the Truth, if not Truth | 
itſelf 
8. Confianenily” all the oeincipal. Fixed Stars. 
and Primary Planets may be obſerved, and the 
Latitude deduced from them by this Method; 3 6 
their Situations are various in the Heavens, and 
adapted ſor all times and e on e and 
at t Ses. . | 


c XXIII. 


0 Having one Altitud: of the Sun taken Amber 's near. 


Moon and ancther Altitude taken ſ on the ſame Day ) 


at any time before or after Noon when the Sun has 


| had a viſible Change in Declination, the Elapſed 


Solar Time, and the Latitude * Account ; 3 70 ed 
| to the Moon's Change of Right Aſcenſion in the 


Interval. The Change of Declination may hap- 
pen to be five Degr es or more in a Day, which 


the true Latitude, 
© In this Problem, the Data i are OY 1 as 


oy the former with all its Caſes, excepting that in 
this, the Declination is given for each of the two 
times of Obſervation; and then, the Operation. 


will be thus. 


2. Having the Dectination at the time of the 

leaſt Altitade, get its Polar-diftance, with which 
and the other Data get the equatorial Diſtance at 
that time from Noon; and as before, the equa- 


torial Diſtance at the time of greateſt Altitude, 


from Noon. Next, proceed with the Declination 
at the time of greateſt Altitude from Noon, and 
thereby get the three Arcs, which proceed with 
As before, until the Latitude is had. The like 
8 a ſecond Operation, and Compariſons of the 


orrections, until the true Latitude 1 18 diſcovered, 


This will in many Caſes, 


Interval. 


be chus. 


1 ere, the Change of Declination has but a fmall 
Effect on the deduced Latitude, and would have 
leſs Effect if a Medium of the two Latitudes 
_ were uſed inſtead of the Extremes. But, 
F. If this Method is applied for finding the 
Latitude by two Altitudes of the Moon and 


— CO ES ohms — 


TWO ALTITUDES. 
3- The quickeſt Change of the Sun's Decli- 


nation, is near the time of the Equinoxes, and 


Method, the Interval may be fix Hours, and the 
Sun may alter in Declination near ſix Minutes in 
that Interval. Near the time of the Solſtices, the 
Change 1 is ſmall. At other times, the Alteration 
will depend on the Sun's diftance from the 


ſolſticial Point, and the Interval or Elapſed | 
Time. . 1 
4. Amongſt the Wat ate take the fifth, | 
when the Elapſed Time was five Hours, with a 
Change of Declination near five Minutes in that 
Here, let the ſecond Operation be 


repeated with a Polar-diftance five Minutes dif- 
ferent from that of the firſt ee and i it in 


EXAMPLE v. Page 73+ 
Second Operation, 


Latitude N; 7 8 54 Do 0 Roe HER 
.Eo-lat. N. 84 6 Os ar. 04002507. - 
Polar-diſt. 88 5 Co-ar. o. 000243 
Co. „%% 
Sum itt 
Half Sum 123 52 Sine 
Remainder 49 52 Sine 

37 37 Coline 9.902036 
"Fon Noon 74 64 nearly as before, 


Elapſed Time, the Moon's Altitudes muſt be 


Cleared from Semidiameter, Dip, Refraction and 


9.023140 
9 7 


PF 


———— ⁵ SE DOE RY 


2 


Parallax; alſo, the Elapſed Time muſt be reduced 1 


O 


== — 45 two Minutes in five Hours 3 then it will | 


ae 2. 5 Oy 


_ Co-lat. N. 84 6 Co- ar. 0. oo 30 | . ; 


Polar- diſt. 86 58 rs Co-ar. 0.000609 on 
Co. leaſt Alt. 74 0 %%% co CH on. 
1 Sum 245 5 | 25 „ 
Half Sum 122 3 Sine g 
Remainder 8 32 Sine 9874680 

Sum 19.803464 
37 62 Coſine 9.901732 
Pre Nees 74 EE ET DCs | 
El. Time 75 0 


From Noon 0 47 Sine 8.135810 


* 2 


4 

* 

75 4. 
F? 


Decl. 1 


=S 842 3039 6 


Method with allowance of three Minutes for 


8 ä " 5 A . * _ IF" IS” ue * Aer 
5 8 9 n 


nnr r we 


This gives more than three times the Change in 
Latitude, that there is in the Polar-diſtance; the 


Ja Degree. 


which ariſe after a Correction is made in 
Declination or Polar- diſtance, depend on 


4 
2 


F Second Arc 86 58 
Co decl. 86 58 


| Half Sum 80 362 


Second Arc 77 152 


TWO ALTITU DES. 
Decl. N. 3 2 Coſine 9.999391 


Firſt Arc o 47 Sine 8.135 201 
Decl. N. 3 2 Sine 8.7205 
Eng 0.47 Sec. I. R.o.cooogr 
Second Arc 86 58 Coſine 8.723636 
Great. Alt. 866 0 Sine 9.998941 
1 Sec. I. R. 0.000041 
Third Are Coſine 9.998982 


SE. 58 Zenith-diſt, 30 55 

JJ TT 

„ Thi de z „ Lat. N. 6 57 

This is more than a Degree of Latitude, more 

than would ariſe without allowance for Change in 

Declination. i oy ps 5 
6. If Example the eleventh be operated by this 


Change of Declination, it will be thus. 


EXAMPLE XE.: Page 76. 
LES Second Operation. 1 


Latitude N. 4 12 

. Co-lat. N. 42 48 Co- ar. 
Polar-diſt. 77 43 Co-ar. 
Co. leaſt Alt,. 0 2 
„;łè ß 

Sine 

Sine 


0. 167848 
0. ol 0053. 


Half 8 9.9944 
Remainder 39 542 9.80%½38 


; Sum 19.979284 
VVV 
00 5 
From Noon 17 35 Sine 9.480140 
Decl. N. 12 20 Coſine 9.989860 
Pirſt Arc 17 10 Sine ' 9.470000 
Decl. N. 12 20 Sine 9.323780 
Jwĩ id de. R. 0.019792 
Second Arc 77 15% Coline 9.343572 
Great. Alt. . Sine 9. 896926 
1 JJͤ TT WW TY 


| Co-decl, 575 40 Zenith-diſt. 3446 
Oorrection o 245 Decl. N. 12 20 


Third Arc 34 211 Lat. N. 47 6 


former being three, and the latter ten Minutes of 


7. The proportional and irregular Changes, 


0 
the 


— relation of the Sides (and conſequently of the 
\ f Ang! 


I. an unknown Lati 
' known Fixed Stars, one of them being not far from 


es) of the original ſpherical Triangle, as it 


TWO ALTITUDES. 79 


is formed by the Circles of the Celeſtial Sphere ; 
if theſe approach nearly to an Equality, the lit- 
tle Differences formed by their Variation will 
be nearly fimilar to them ; but, otherwiſe a 
ſmall change or alteration in one may produce 
a much greater or leſs alteration in the other, 


whether 1t belong. to Side or Angle, according 


to the Poſitions of the great Circles which form 


the Sides and Angles, and the Quantities to be 


= As the Moon's Altitude may be taken at Sea 
in the Day-time, when not very far from the Me- 
ridian either paſt or ſhort of it, this Method is 


applicable at ſuch times for finding the Latitude; 


but, the Parallax and other Obſtructions muſt be 
firſt cleared, according to the Directions for that 


Purpoſe. Were theſe the only Uſes of this Problem, 


they might be ranked amongſt thoſe of no little 
Conſequence in Nautical Aſtronomy; but, this 
Problem is of the moſt ample Extent, as will appear 
CTT EE EEE oe 


NIV. 


zude, having the Altitudes of tae _ 


the Meridian of the Place of Ob/erwvation 1 to 5 


determine the true Latitude. 


I. When the Latitude is to be found by this 

Method, care ſhould be taken to obſerve when 
one of the Stars is not very far from the Meridian 
of the place of Obſervation, either paſt or ſhort. 
of it; the other 
ſituated. 


Star may be any other how 


2. If the Place of Obſervation is in North La- 


titude, the northern Pole-ſtar, will appear above 
the Horizon (if it is not effaced by the horizon- 
tal Vapours) ſome time or other in the Night, and 
that may be an imperfect Guide for knowing the 
north Point of the Horizon within one or two 
Degrees; but, if that Star cannot be ſeen, the 
north Part of the Horizon may be found nearly, 


3. Find the four Stars æ, B, y, J, in the Square 
of the Conſtellation Urſa Major (the Great Bear). 
Of theſe, « and g are commonly called the two 


Pointers, becauſe a line produced from 8 through 


points toward the Pole-ſtar, and the Pole itſelf is 


not quite two Degrees from the Pole. The Stars 
& and & are neareſt to the Pole-ſtar; B and y are 
fartheſt from it. 5 | 1 


4. Imaginarily, divide the Diſtance from 4 to Y 


into Eight equal Parts, and the Diſtance from 


g to y into Four equal Parts, and on theſe two _ 


Lines, take from à to J one Eighth of its Di- 


tance, and irom 8 to y one Fourth of its Di- 


ſtance; theſe two Points will be nearly in the 
5 3 Meridian 


30 TWO ALTITUDES. 


Meridian of the Pole-ſtar, but that Star will be 
on the other Side of the Meridian, beyond the 
true Pole. 

5. From the Pole- far, direct your Sight to- 
ward the neareſt of theſe Points, near two de- 
grees, and that is the Place of the true Pole. 
6. At Sea, let two Perſons either ſtand, or 
hold a Cord, Rod, or any other ſtrait thing in 
that Direction; 

ſee what Stars are paſt the Meridian of the 

Place of Obſervation and what are ſhort of it, 


without any other help, when thoſe Stars are 


ville, and well ſituated either above or below the 
Pole. 


7. By the ſame Method, it may be E 


What Stars are nearly Eaſt or Weſt; alſo, by this 
_ Method it may be known what the Variation 


of the Compaſs is without erring many Degrees 


at all Hours when thoſe Stars appear ; and, if 


| ſuch obſervations are made when the Pole itſelf is 


on the Meridian, the Variation may be taken near 
| the truth, by Inſpection. 
„ this Method or any other, being able to 
8 judge of the Meridian's Poſition, it will be eaſy 
| to perceive when the Star neareſt it is not many | 
Degrees therefrom, either paſt or ſhort of it (no 
matter which of the two) then the Operation for 


the Latitude will be thus. 1/. 


9. Aſſume any Latitude at pleafure as though it 
was a Latitude by Account. 24. Add together the 
___ Co-latitude aſſumed, the Polar-diſtance of the 
Star fartheſt from the Meridian, the Co- altitude 
of the Star fartheſt from the Meridian, and from 


their Half Sum ſubtract the Co- altitude of the 
Star fartheſt from the Meridian, to get a Remain- 
der. 3d. Add together the Co-ar. of the Co-la- 


titude aſſumed, the Co-ar. of the Polar-diſtance 
of the Star fartheſt from the Meridian, the Sine 
of the Half Sum and the Sine of the Remainder, 


Half the Sum of theſe four Logarithms 1s the 


Coſine of an Arch, which doubled, is the ap- 
proximated Diſtance of the fartheſt Star from the 
: itn 4th. By the Right Aſcenſions of the 

two Stars, get their Equatorial Diſtance in De- 
grees and Minutes. This is done by ſubtratting 


the Right Aſcenſion of one from that of the other; 


but, if the beginning of the Ecliptic is between 


their Meridians, then take the greateſt Right 


Aſcenſion from three hundred and ſixty Degrees, 
and add the Remainder to the leaſt Right Aſcen- 


Hon (this is beſt ſhewn by Diagram). 57. Take 
che Difference between the approximated Diſtance 


of the fartheſt Star from the Meridian, and the 


Star's Equatorial Diſtance, the Remainder is the 
approximated Diftance of the neareſt Stzr, from 


x che Meridian. 


ſo the northermoſt Perſon will 


third Arc. 
Arc and the Co. declination of the Star neareſt 


Gh Add er the Sine of the 


TWO ALTITUDES. 


neareſt Star's approximated Diſtance from the Me” 
ridian, and the Coſine of its Declination, the Sum 
(rejecting Ten) is the Sine of the firſt Arc. 7th. 
Add together, the Sine of the Star's Declination 
neareſt the Meridian, and the Secant leſs Radius 


of the firſt Arc, the Sum (rejecting Ten) is the 


Coſine of the ſecond Arc. 8/5. Add together, 
the Sine of the Star's Altitude neareſt the Meri- 
dian, and the Secant leſs Radius of the firſt Arc, 
the Sum (rejecting Ten) is the Coſine of the 
9th. The Difference between the ſecond 


the Meridian, is the Correction, to be added to 


the third Arc when the Polar-diſtance of the Star 


tartheſt from the Meridian is leſs than Ninety 
Degrees, but otherwiſe to be ſubtracted; this 
gives the Meridional Zenith-diſtance of the Star 
neareſt the Meridian; to which apply its Declina- 


tion (as uſual) and it gives the Latitude, by the 


firſt Operation. | 
With this Latitude and the wh Data, ke 


= A 88 Operation, and a third if neceſſary; but, 
in uſual Caſes one Operation approaches much to- 
ward the true Latitude. 


10. That this Problem is limited and will give but 


one particular Anſwer to the Data, is evident from 
the following Conſiderations. 
the Altitudes of the two Stars are taken, the Polar- 


At the time when 


diſtances of the two Stars, their Co- altitudes, and 
the true Co- latitude, do form the Sides of two 


ſpherical Triangles, whoſe Angles with the Me- 
ridian are at the elevated Pole. 
the two Polar-diftances, the two Co-altitudes, and 


Conſequently, 


the true Co-latitude, with the whole Equatorial 
Diſtance ; dodetermine the twa Polar-angles, and 
the true :Co-latitude 3 ; or in other Words, the 
Times of Obtervation and the Latitude of the 
Place. 


The following i is an 1 vis a Ship 


is ſuppoſed to have loſt her Latitude and found 
it "OT * this Method. 


E X A M P L E Es 
At Sea, Latitude enjixely unknown. 


- Lat. N. ſuppoſed about e 
Sirius near Meridian, Alt. 32 33 
Kigel fartheſt, Alt. 35 31 
Sirius, Right Aſcenſion 98 57 
Rigel, Right Aſcenſion 76 4 
_ Equatorial Diſtance _ 22:53 
Sirius, Declination S. 16 25 
KRKigel, Declination 8. 8 27 
Sirius, Polar-diſtance 106 25 


| Rigel, Polar-diſtance 


hy | 
SD 


K- 


25 
; 
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TWO STARS. 


Firſt Operation. 
] Lat. Acc. N 20 & 
Ban. 0 8 Co-ar. 0.0271 
EKRigel Pol. diſt. 98 35 Sd-ar. 0.8053 
KRigel Co. alt. 34 9 
NY Sum 223 20 Sine 9.9680 
N Half Sum 111 43 Sine 9.9247 
ö Sum 19.9211 
= 2 Coſine 9.9925 
5 Rigel Ablerid. 46 36 17 N 
= © Equator- W . 
: Sirius à Merid. 24 3 Sine 9.6101 
= Sirws Decl.. 16 25 Coſine. 9.9819 
= © >, I o 9.5920 
i garivs Deck. © 10-35 © ome nn 
EE TT GS CLE Gon 
. :;7- . Conne -- - g 4892. © 
Sirius Alt. 32 31 Sine. 9.7308 
| 4 | SE eo „ oP, 
Third Arc 54 14  Coline 9.7 0 
Second Arc 72 7 
Sirius Co-decl. 73 35 Zenith- diſt 5246 
Correction 5 Sirius Decl. 16 25 
Third Arc 5 VVV 
A Buy firſt Suppoſition, | V 
= Correction 16 21 
A Corregtion of Nine hundred eighty one Miles. 
; | - | Second Operation. | 
Lat. * N. a: 
= Co-lat. N. 53 40 Co-ar..  aogzg: 
EKRigel Fol. diſt. 98 57 Co-ar, o. o 
Rigel Co, alt. 54 229 
ETS . 
HFalf Sum 103 33 "Sis 5 9.8587 
PF. 4. Sine - g.0702 
5 Sum 9.9691 
„ „ I Coſine 5 9878 
. Rigel aMerid. 32 3 5 
. Equator- T Oe | 
A Sirius a Merid. 9 23. Sine th 2123 | 
; Sirius Decl. 16 25 Coline 9.9819 
C 9. me 9.1962; - 
Siri Decl., 16 25 Sine 2. 4512 
JJ ˙ dv . '” 
Second Arc 73 22 Coſine 9.4566 
= Suns Alt. 32 33 8ine 9.7308 
1 0 N Sec. I. R. 0.0054 
Third Are 57 © Colne 9.7362 
VTV 
Sirius Co-decl. 73 35 Zenith-diſt. 5647 
Correction o 13 Sirius Decl. 16 25 
Third Aze 7 o Lat. N. 40 22 
[ By ſecond Suppoſition, Lat. N. 36 20 
Correction 8 
1 


ö % A Correction of Two hundred torty two Miles. 


TWO STARS. 


Third Operation. 


Lat. Acc. N. 40? O 
Co-lat. N. ca Q@ 
Rigel Pol. diſt. 98 57 
Rigel Co-alt. 54 29 

Sum 203 26 


Half Sum 101 43 
N 12 56 
RipelaMerid. 25 52 
Equator-diſt. 22 53 
Sicius Merid. 2 59 
Sirius Decl. 16 25 
Fine 63 
Sirius Decl. 16 25 
VC 
Second Arc 73 332 
Sirius Alt. 32 3 3 
Third Are 57 24 


Second Arc 73 
Sirius Co- decl. 73-35 


-.<Correon © 6 5 
5 Third Arc * 242 


3 


Zenith⸗ ditt. 57023 


F ourth 88 


Lat. Ace. N. e 


Whole Correction in Latitude, 
One thouland two hund: ed ay two Miles. 


EXAMPLE 


55 


8% 
Co-ar. 0.1157 
Co-ar. 0.0053 
Sine 9. 9908 
Sine 9.8658 
Sum 19.9776 
Coline 9.98884 
Jo RS; ' Sel 
Coſine 9.9819 
Sine 8.69883 
„„ cs 
Sec. I. R. 0.000g 
Coſine 9.4617 
. 
See. N. 00000: 
Coline 9. 73136 85 


Sirius Decl. 16 25 
Lat. N. 40 58 
5 Correktion „„ 


This 15 but four Mixutce leſs. than the 1 ruth, thus. 


„ ' Co-ar. 5 0.122001 80 
| Rigel Pol. diſt. 98 57 Co- ar. 0.005320 
Rigel Co-alt. 54 29. 3 
e „ „ 
Half Sum 101 14 Sine 9.991600 
Remainder.” * 45 Sine 9.302473. - 
5 | Sum 1 
1 3 49 Coline | 9. 1 
Rigel à Merid 2338 9 
C HT eo» | 
Sirius a Merid. 4 Singe 8. 116926 
- Sinus Decl. 16 25: Coſine 9.981924 
Firſt Arc o 43 Sine 8.098850 
f i Decl. 16 25 Sine 4.451204 
0 43 Sec. I. R. 8.000% 
Second Ai 73 7 Sone 9.4 
. Sirius Alt. 32 3; Sine 9.430811 
LL Es ' £4 Wag.” OS 
Third Arc 57 27 Cofine 9: 730845 
Second Arc 73 35 
Sirius Co-decl. 73 35 Zenith- it. 17 27 
Correction 0 o Sirius Decl. 16 25 
Third Are. 57 57 True-Lat NAT 2 
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Second Are 73 56. 


Aldeb. Co- dec. 73 56 


ö Zenith-diſt. ; 


TWO STARS. 
EXAMPLE II. 
At Sea, the Latitude unknown. 
Aldebaran near the Meridian. 
Altitude of Aldebaran 560 2 
Altitude of Pollux 40 40 
Latitude aſſumed N. 40 © 
Co-lat. N, 0 Cor. 8.76% 
Pollux Pol. diſt. 61 28 Co-ar. o. 0562 
Pollux Co-alt. 43 20 | 
Sum 154 48 : 
Half Sum 27 Sine 9.9894 
Remainder 34 4 Sine 9.7483 
5 Sum 19.900 _ 
25 41 Coſine 9.9648 
Pollux à Merid. 51 22 „„ 
Equator. diſt. 48 10 33 
Aldeb. A Merid. 3 12 Sine 8.7468 
Aldeb. Decl. 16 4 Coſine 9.9827 
Fit Arc 1 Sie 8.7295 
„ Aldeb. Decl. 16 14 8ine 9 „ 
LS Sg a» Fe.” "9 
Second Arc 73 35 Colne - 9.427 
Aldeb. Alt. 56 3 200 - © QI. 
„„ Sec. I. R. 0.0006 - 
„Third Are 33 51 Coſine 9. 9193. 
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Correction 0 1 Aldeh. Decl. 16 4 
Third Arc. 33 5 Lat. N. 4 86 
| . Second Operation. Ct 
- Co-Lik: N. 40 4 Co-ar. 0. 191331 
Pollux Pol. di. 61 28 Cor ar. 0 = 
Pollux Co-alt; 43:20 ũ hͤ : SD 
„„ 144 52 1755 
Half Sun - 72-26 ieee "9 as 
Reminder 3 8 Sine 9.686936 
V Sum 19. 913766 
1 I BY - 62. Coline | "MP — 
. Pollux 3 Merid. 50 13 ny be 
Equator-diſt. 48 10 . 
Aldeb aMerid, 158 Line . 524343 
Aldeb. Decl. 16 4 Coſine 8 
Firſt are 1 go$ Sine 8.507039 
Aldeb. Decl. 16 4 Sine 9. 2 
8 1 50+ Sec. I. R. 0.000224 
Second Are 73 55+ Coſine 9.442320 
Aldeb. Alt. 56 2 Sine 9.918745 
RD Sec. I. R. 0.000224 
Chiu Are.” 33 557 Coſine 9. 918969 
Second Arc. 73 JF 
Aldeb. Co- decl. 73 56 Zenith-diſt. 332 56' 
Correction o o Aldeb. Decl. 44 3 
Third Arc. 33 551 True Lat. N. 550 o 


Lat. corrected, Two thouſand four hundred Miles. : : 


them. 


that the Convergency depends on the nearneſs of 
one of the Stars to the Meridian of the Place of 
_ Obſervation, and that when ſuch Diſtance doth 
not exceed Half an Hour of Time, the Operation 
' converges with all deſireable quickneſs toward the 
Trutll. 
and Aldebaran were each but two Degrees from | 
the Meridian, this produced a very ſwift Con- 
vergency. By the third Example, Half an Hour's 
Diſtance from the Meridian, will not converge |. 
Jowly, this gives an Hour for Judging when the 
 Luminary is neareſt the Meridian; f 
being proper Helps for judging within that Di- " 
ſtance, the Convergency will be ſwifter, if the 41 
Altitude of the Star neareſt the Meridian be taken 
thereby. On the contrary, if the Star neareſt the 
Meridian be an Hour therefrom, which gives two 
Hours for the Interval, the Operation will con- 
verge, though not {0 ſwiftly, and the numerous 
Opportunities of this kind that happen, and much 
more advantageouſly, make ample Amends for 


TWO STARS. 


11. If the Precepts and Operations i in this Sec- 


tion be compared with thoſe of the two foregoing 
ones, it will be evident that the Corrections in 


each depend on the ſame Principles. In the for- 


mer, two different Altitudes, the Elapſed Fime, 


two Polar- diſtances, and the Latitude by Account, 
were the Data. In this, the Altitudes of two 
Stars, their equatorial-diſtance, their two Polar- 


H. 


diſtances, and the Latitude by Account are the 


Data. Therefore, the like Advantages that ariſe 


in the Convergency toward the true Latitude in 
one of theſe Methods, do ariſe in the other of | 
The aſſumed Latitudes, true Latitudes, 


Corrections, and Equatorial Diſtances of the Sun 


from the Meridian at the Time of greateſt Alti- [ 


tude, were thus, in the ware e of See- 


tion 1222 
Aſſumed 1 rue Lat. From Merid. 

+2 510 29 N Ser? 39'z PORES. © ont] | 
J. $1 5 0. a8 RE: 
4. 40 20 0 e 
6-5 :@0. 5 86% $8: 
35ͤ ( % (((( 
77 %%% 
%% Nr 06. Res © | Cong 
9 30 e N. :$0-1r-"N;: _. 5 48 
11 %%% „ 47 20 N. | "uy 27 
12 49 17 4333 N. 25 5 


12. By comparing theſe Numbers, it is evident 


In the two foregoing Examples, Sirius 


and, 


applying this Method to remoter Diſtances. 


Read True Lat. N. 51 30; inſtead of 50 303, 


CXXV, 
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there 
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be thereby found. 


found, after an eaſy Proceſs. The Operations for 
the Latitude have been exemplified in the former 
Section, thoſe for the Longitude as in Sections 

104, 108, 109, 110, 111, 112. When the 1 
tude is known ſomewhat near the Truth, the true 
Latitude will be ſoon approximated ; and then the 


LATITUDE AND LONGITUDE. 


_ CXXV, 


Having the Altitude of the Sun and the Altitude of 
the Moon, taken at the ſame time when either of 
them is not far from the Meridian of the Place of 
Obſervation, the obſerved Diſtance of their Limbo, 
and an Ephemeris predicting the Moon's Place in 
the Heavens; to find the Latitude aud Longitude 
F the Place of O&fervation, 


1. In order to ſolve this Problem.” it is Böer 
ſary firſt to compute the Time at the Place the 
Ephemeris was made for, by having the three 
cotemporary Obſervations. This has been fully 


illustrated in Sections 104, and 108 and 109. 


2. Having the Ephemeris Time, it gives the 
Sun's true Right Aſcenſion and Declination for 
that Time; and the Moon's true Right Aſcenſion 
for that Time. The Moon's Right Aſcenſion and 


Declination, are as they would appear if they 
could be obſerved from the Centre of the Earth. 


. The Sun's obſerved Altitude muſt be cleared 


Fob Semidiameter, Dip, and Refraction, to get ; 
his true Altitude. LI kewiſe, 


4. The Moon's obſerved Altitude, muſt be 


cleared from Semidiameter, Dip, Refraction and 


Parallax in Altitude to get her true Altitude. 
The Semidiameter is in the Ephemeris. The Dip 


is in the Table for Dip of Horizon, and is always 


ſubductive. The Refraction is in its Table, and 
is ſubductive. The Parallax in Altitude, is in its 
Table, and is additive. 5 

Having the Sun's obſerved Altitude thus 
Gens the Moon's obſerved Altitude thus cleared, 
and the Equatorial Diſtance of their Centres; 
aſſume ſome Latitude at Diſcretion, and with theſe 


four Data, make one or more Operations (as in 


the foregoing Section) and the true Latitude will 


6. When a Ship at Sea 128 been dridew by 
fiormy and tempeſtuous Weather, Obſervations of 


this kind made when either of the Luminaries 1s 


not far from the Meridian, may be applied ; and 
not only the Latitude, but likewiſe the Longitude 


Longitude may be calculated. 
The Difficulties attending the Solution of 


this Problem by the direct Methods of proceeding 


to an Anſwer, will ever render it next to inſu- 


perable; whilſt this Method may be practiſed 


with Eaſe and Succeſs, by Perſons who are unac- 
quainted with the Properties of the Sphere and 
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ſpherical Triangles. When the Moon is the near- 
eſt Luminary to the Meridian or fartheſt from it, 
the Effect of her Parallax in Altitude may be 
taken out by Inſpection, as readily as the other 


Effects on her Altitude; and when the Sun is near 
the Meridian, it will appear by his flow Incre ue 


or Decreaſe of Elevation, 


8. This is a Method of taking the Longitude 
at Sea, purely aſtronomical, depending on its 
own Principles, and no way apt to be erroneous 


through the Impe fections of preceding Obſerva- 


tions or intermediate Meaſures of T1 mes Di- 
ſtances, or other Defects. | 

9. The firſt Solution of this Problem 1 was given 
by me in | the two following Examples. 5 


EXAMPLE I 


| In a certain Year, near the Bepinning of -a 
given Month, in an unknown South Latitude, 


the Sun being near the Meridian of the Place of 


Obſervation ; the Altitude of the Sun's Centre 
was taken 59 12, the Altitude of the Moon's 
Centre taken 27 3', and the Diſtance of Sun and 
| Moon's neareſt Limbs taken 582 $249”, all at ©-. 
the ſame time. 'The Latitude and Longitude of 
the Place of Obſervation, are found thus. 
1/7. By the rough central Diſtance, the Day and 5 
Hour, were, December 7th at? Hours. 


2d Hereby and the Ephemeris, the Moon's 


Right Aſcenſion was 316 26', and her Declina- 
tion 14” 35 S. The Sun's Right Aſcenſion was 12 5 
254 3) and Declination 22 43 8. The Equa - e 
torial Diſtance of Sun and Moon was 615 49 

the Moon Eaſt of the Sun. | 
3. By aſſuming and approximating after the 


foregoing Method, the Latitude was 53 * 28 S. and 


the Solar Time at the Ship was On 6'12" ſhort of 


Noon. | | 
44h. The true 8 of Centres cleared from | 
Refraction and Parallax was £582 43 The 


Solar Time at Greenwich was 5 | 565 14 paſt 
Noon. Hence, the 1 8 W was N 0 
| My Weſt of Greenwich. | . 


EXAMPLE II. 


weſt of it and the Moon weſt of Regulus; the 


Altitude of Regulus was taken 20? 8“, the Altitude 


of the Moon's Centre taken 18956“, and (the 
Moon appearing near the Full) Regulus's Di- 


ſtance from the Moon's fartheſt Limb was taken 


280 14' 39", all at the ſame time. The Latitude 
AR Ila and 


2 ä ——„ n ay 8 q — 


In a certain Vear, about the Middle of a given . 
Month, in an unknown South Latitude, Regulus 
the Lion's Heart being neareſt to the Meridian, 


— — 


a nd <A. — 
— 


: Place 1s to be found. 
Ship is to be found. 


„ LATITUDE AND LONGITUDE. 
and Longitude of the Place of Obſervation, are 


. found thus. 


1/2. By the rough central Diſtance, the Day 
and Hour were, February 15th, at 10 Hours. 

2d, Hereby and the E phemeris, the Moon's 
Ri iht Aſcenſion was 1769 1', and her Dechnavion 


3? 48' N. Regulus's Right Aſcenſion was . 
* Declination 1304 N. 
34. By aſſuming and approximating after the b 


foregoing Method, the Latitude was 54” 47" 


and Regulus was near Twenty Degrees Eaſt of the 


Meridian of the Place of Obſervation. 
4%. The true Diſtance of Cent res ae from 


Refraction and Parallax was 282 9 8“. The Solar 
_ Time at Greenwich was gh 49 5 ſhort of Noon, 


and at the Ship 1cÞ 305% 44. Hence; the mach 8 
Longitude was 10? 23“ Eaſt of Greenwich. 


| 10. The Lunar Theory is already brought to a 
greater Degree of Perfection, than the generality 
of Perſons who make long Voyages are aware of, 
Inſtruments ſufficiently correct for taking the an- 
gular Diſtances may be had of able Inſtrument 

Almoſt every, Perſon hath Judgment 

and Agility enough to take the cotemporary Ob- 
ſervation, whether it be the Altitude of the Sun, 

Star, or Moon, or the angular Diſtances. The 
Opportunities are numerous. The Succeſs of the 
Lunar Method depends wholly on its own Princi- 
ples. The cotemporary Obſervations can be made 
with Accuracy, and the Longitude may be taken 
by it without other Aids, whether one of the Lu- 

minaries be near the Meridian or remote * * 


Makers. 


XXVI. 


| Ha either, the Altitude of the . not far from 
the A and the Altitude of a Zodiacal Star 
any how ſituated; or the Altitude of a Zodiacal 


Star when not far from the Meridian, and the 


Allitude of the Moon any how ſituated; alſo, =” 
angular Diſtance of Sun and Moon's Limbs, all 
taken at the ſame time ; to find the Latitude and | 


Longitude of the Place of Olfervatien. 


1. Here 1/2. The Solar Time at the Enkemeris's oe 
24d. The Solar Time at the 
3d. The Sum or Difference 
of theſe two Times is the Longitude, This Pro- 


blem has been illuſtrated, i in Example 2. of the 5 
ly, by the Star's Altitude, Moon's. Altitude, and 


former Section. 


2. If the Obſerver doth not chooſe to infer the 

_ Ship's Time from the Zodiacal Star and Moon, 
when the Star is neareſt to the Meridian of the 
Place of Obſervation, he may take the Altitude 
of any other Fixed Star, or a Primary Planet, 
and uſe it inſtead of the Moon to get the Ship's 
Time. Or, 


He may uſe any other Stars (one of which i is 


ncarer the Meridian) for the ſame Purpoſe. 


LATITUDE AND LONGITUDE. 


CXXVIL 


Having an A'titude of the Sun, an Altitude of the 
Man and the D. Aauce of Sun and Moon's Limbs, 


all taken at the jame time, and when neither of the 


Luminaries is near the Meridian of the Place of 
Odjervation, alſo, an Ephemeris z, to find the Lati- 
tude and Lopgitude of the Place of Olſervation. 


7. In order to folve this problem, firſt, the 


Altitudes muſt be cleared from Semidiameter, 
Dip, and Refraction, Parallax in Altitude, and 


the Equatorial Diſtance of the Centres muſt be 


found, as in the former Problem; this Prepares. 


the Data for Operation as follows. 
2. Aſſume any two Latitudes as near the Truth 


as may be reaſonably ſuppoſed from the Situations 
of the Sun and Moon at the time of Obſervatzon ; 


with theſe, the Co-altitudes, and the Equatorial 
Diſtance, compute in the ſame manner as was 


directed for the Latitude in Section 121, having 
one Latitude by Account, another aſſumed, two 


Altitudes, and the Elapied Time, until the true 
Latitude is known. 5 
3. Having the Latitude and the three 1 80 

| rary Obſervations; firſt, from the Sun's Altitude 


the Moon's Altitude and Diſtance of their Limbs, 


the Time at the Ephemeris's Place is to be found 
(as in Section 109 or 110), and ſecondly, having 
the Latitude, Sun's Altitude, and Polar-diſtance, 
the Time at the Place of Obſervation, either paſt 
or ſhort of Noon, 
4. The Sum or Bliference of the two Times, is. 
| the Longitude, from the » 3 mares 8 Place. as 
in e 112. | 


© * XVIII. 


Having the Ain of a Zodiacal Star, ff ruated 
eaſtwardly, weſtwardly or under any Paſition not 
near the Meridian, the Star's Altitude, Moon's 
Altitude, and Diſtance of Star and Moon's neareſt 


or fartheſt Limb, at the ſame time, and an Ephe- 
meris; to find the Latitude and Lewitudt * the 
| Place of Objervation. 


in the former Problem by Sun and Moon ; ſecond- 


Diſtance, the Time at the Ephemeris's Place 


muſt be found ; thirdly, the Sum or Difference of 


the two Times, is the Longitude required. 1 55 
This Problem may be practiſed in moſt Parts 


of the Torrid Zone with Eaſe, becauſe there the 
Moon and Star will often be near the ſame Ver- 
tical Circle, and the Horizon will be illuminated 


by the Moon. 
CxXXVIII. 


1. In order to ſolve this Pabblem ; FAY the a 
Latitude muſt be found by the Star and Moon, as 


be ö * 4 
4% IS Oe ERIE c 5 


A 
IF 
£ 
5 


— 


22 
. 2 
e Ot: 
gil eur, 
Fe 


ene &D4 
below n 


an Dera 


| Aorizont: 


iS Loos ta 


7 GRE: : 7 
: 1. LITE (+ SAC . — 


Od 1 . "> 
HE Ote Fe, COP? 3 


uu euere OP lhe 


> A hip hes Fat above 
Aue, He, atwo, 
D He Pace of 
4 | 
a VI 3 , 
> 24 
JT 
N \ 
by. 
8 
N ö A 
„ 
| 1X a b 


Wc 
Po 
— 


fei 


From #te Zole 


— \ 
| 
en 
\} 
N 
III I 1 
ILL 
| * 
FJ | met | 
KN IM | 
| 2 > + CF TH 4 / 
NIAIX LIN NL | \ a * 422 
\ IN_N SI NL/ — — NN 8 5 > 
5 E Ie 
\ 7 BY R \L- SAJLNA 1/4 
| 5 . | TX | | 14 +] 2 4 2 
| R 1 4 3 | 
TRL TITS 1 ee 
"Ms, — . N / 
— | 7 i\ 167 7 2 2 , 
E ER [et | n 7 
I" — —— \ [ — I . 
74 + * Pet S/ - 
l = FT 2 4 RF 
. J.-L | 2 4 5 
— "Wt L i 2 
: ; 22 * f SS, | 8 | 5 
DW, — T _ — ee 
AoreontalL. 71 8 N. X == — , Zul. * | arrording x 
| _ — — — 22 to Art of Low! gamen, 
＋ ; ; 
Ai 8 — Wouter 22. 1782 22 "Dunn 


17 
A 
& 
, 
we | 
f 
+ 
. 
\ 
by 
8 
5 
7 
T3 
©. 
Fs: 
7 'T. 
£3 
# 4 
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7. 


| Data only. | 
] 2, Hence alſo it will appear whether the Lu- 
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CXXIX. 


Having any two Altitudes of either the Sun and Moon 
or the Moon and a Zodiacal Star, alſo, an Ephe- 


 meris ; to find the Latitude and n of the 


Place of Objervation. 


. At the time of making the cotemporary 
Obſery rations, the poſitions of the Sun and Moon 
to each other in the Day, and of the Moon and 
Stars in the Night, will, in many Caſes, indicate 


| the Zone in which the Obſerver j 18, this is all that 


is wanted previous to a Computation from theſe 


minaries or either of them, are near the Meridian 
or remote from it. If either of them is ſuppoſed 
near the Meridian, the Method in Section 125 1s 


to be applied for the Sun and Moon, and that of 


126 for the Moon and Star. If both Luminaries 
are ſuppoſed remote from the Meridian, the Me- 


2 thod in Section 127 is to be applied for the Sun 


and Moon, 1 that of 128 for the Moon and 
—_ 
„ there is any olds to doubt of Sin 


gency in either of theſe Methods, both of them 
may be applied, by the ſame Data, and the anſwer 


arifing from both will be a Confirmation. 


4. Although this Problem may be ſolved. with- 
out any previous knowledge of the Latitude, if 
that is wanted within a few Degrees of the Truth, 
the minutely Aſcent or Deſcent of the Sun in the 
Day, and the Poſitions of the circumpolar Stars 
in the Night are ſufficient to ſhew it; and then, 
the Problem may be ſolved after the ſame manner 
ads though there were given an erroneous Latitude : 
: oY Account and the other Data. 


cxxx. 


= 07 Latitude by babes he Altitude of the Pole Star, 
3 either on the Meridian or out of the Meridian, 


1. By comparing together the Obſervations made 
f of the Pole-tt: r's Diſtance from the true Pole of the 
2 Equator for One hundred and eighty Years paſt 
(rom my Practical Aſtronomy) the Pole-ftar's Di- 
2 itance from the Pole will be a Degree and three 
quarters in the Year Eighteen hundred and one; 

before and after that time its A pproach toward the 
Pole will be a Minute of a Degree 1 in three Years, 
its Diſtance from the Pole in Seventeen hundred 
eeighty-ſeven being a Degree and fifty Minutes. 


2. The Pole-ftar is between the ſecond and 


third Magnitude, of a red colour and ſparkles leſs 
than ſome other Fixed Stars of its Magnitude, 


8 e 
oy - * — 4 
> . CS . 3 
9 8 ä « nv 3 
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f this Star had the Magnitude and Splendour of 


Pries, it might be applied with great Eaſe and 
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Succeſs for determining the Latitude, in the Night, 


at many places on Land and at Sea, in North La- 
titude, as well out of, as on the Meridian. 

3. In order to take the Altitude of this Star, the 
Obſerver ſhould be provided with a Sextant or 


Octant, having a ſmall Teleſcope magnifying two 


or three times at the Place of the Eye, the Ob- 


ſervations ſhould be made when the Horizon is 


beſt defined and the Image of the Star belt to be 
ſeen on the quickſilvered Part of the imall Mir- 
rour. 


4. At Sea, the Time of the Night when the 


Star is on the Meridian either below or above the 


Pole, is known by comparing its Right Aſcenſion, 
with that of the Sun and the Hour at the Ship ; 


then, the Star's Altitude when below the Pole, 


added to its Polar-diſtance, gives the Latitude ; 


but, when the Star is above the Pole, its Polar- 
diſtance ſubtracted from its Altitude gives the 
Latitude. ö 
In either of as Caſes or any hed, the” 
ob Arwed Altitude of a Star is to be firſt cleared 
from Dip and Refraction, by ſubtracting both; 
the Remainder is the Star's Altitude, from which | 
the Latitude is to be inferred. 55 
6. When the Pole-ſtar is not on the Meridian of ES 
the Place of Obſervation, its Poſition tothe Pointers 
or ſome other Stars near the Pole, is to be care- 
fully noted by the Obſerver, and (by the Poſition 
of the Pointers) the Pole-ftar's Elevation or De- 
preſſion above or below the horizontal Line paſſing 
through the true Pole. By this Poſition, find the 


Place of the Star in the Circumference of the Or- 


thographical Delineation of its Orbit, and the 
Elevation above or Depreſſion below the true Pole 
wall be Hewn by Inſpection. | Ses the Diagrams. 


Cxxxl. 


07 the Terreftial Globe ; 3 11 Uſes aud Defects at ; Sea, 1 


The Surface of the Terreſtial Globe, repre- 


Fs (in Miniature) the Surface of the Earth and 
Seas; and when it is made a Foot in Diameter, 
the Length of a Degree of Latitude on its Surface, 
is but little more chan the Tenth of an Inch, En- 


ng Meaſure. 


. The principal Probleing of the- Terreſtrial 5 
| Globe, are theſe, 1/2. To tind the Diſtance of any 
two Places. Meaſure it with the Quadrant of 
Altitude, or a Pair of Compaſſes, or a Slip of 
Paper, reckoning Sixty nautical Miles, or uy ; 


nine and half Engliſh Miles to a Degree of D1 


tance. 2d. To find the Latitude of à Place, 


Bring the Place to the Braſs Meridian, and the 


Latitude, whether it be north or ſouth, is the 


neareſt Diſtance from the Place to the Equinoctial 
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in Degrees and Minutes. 3d. To find the Lon 


gZitude of a Place. Bring the Place to the Braſs 


Meridian, and che Longitude from London, is the 


Diſtance on the Equincctial, from the Meridian 


of London to the Meridian of the Place. 44. To 


find the Places where the Sun is Vertical at Noon, 
on 2 given Day. Find how much the Sun is 


northward or ſouthward of the Equinoctial at Neon, 


by the, Scale of Declination, and all the Places 


at that Diſtance from the Equinoctial are the Places 


required. 52h. To find where the Sun is Vertical 


at a given Hour of a given Day. Find the Diſ- 


tance of the Sun from the Equinoctial, north or 
ſouth thereof; then, (reckoning fifteen Degrees 
to an Hour) count as many Hours to the Eaſtward 


or Weſtward on the Equinoctial, as is the given 
Hour, and in that Meridian, at the forementioned 


Diſtance north or ſouth of the Equinoctial, is the 


Place required. 6:4 When the illuminated He- 


miſphere, is to be ſhewn for a given Hour. Find 
the Place of the Earth or Sea where the Sun 


is vertical; bring this uppermoſt and the illumi- 
nated Hemiſphere is above the Horizon. 72h. 


When a Place is brought uppermoſt, the Bearings 


of other Places therefrom are ſhewn on the Hori- 
777 Ea 


3. However large this Globe is made, the Dif- 


| ficulties of making it truly, and the Errors ariſing 
in its Materials and Uſe, render it at beſt but 
an ingenious Model for giving Ideas concerning 
ſuch things, as are to be more accurately found 


for Ule at Sea, by the Application of accurate In- 


ſtruments and proper Computations, 


CxxxII. 


Of the Celeſtial Globe ; its Uſes and Defeats at Sea. 
I. The Surface of the Celeſtial Globe, repre- 
fents the Concavity of the Celeſtial Epanſe or 


| Starry Heavens, in which Surface the Sun, Moon, 


Planets, and Fixed Stars, appear as though they 
were placed, at equal Diſtances from the Eye of a 
 SpeRator on the Earth's Surface. „„ 
226. When the Globe is made a Foot in Diameter, 
a2 Degree of Diſtance on it is but little more than 
a Tenth of an Inch, the ſmallneſs of which Mea- 


ſure (however accurately the Globe is made) will 


not admit of thoſe nice Subdiviſions which Aſtro- 
nomical Obſervations require. There is another 
Circumſtance attending the Delineations on this 
Globe; the Fixed Stars have their Places in Lon- 


gitude on it for ſome particular Year, and as the 


Stars have a Preceſſion in Longitude by reaſon of 


the Receſſion of the Equinoctial Points, in the 


Interval of Seventy one Vears and half; in that 
time, the Places of the Stars become different 


GLOBES. 


in the Heavens a Degree of Longitude, and in 
proportion for a leſs number of Years. 


The Principal Problems of the Celeſtial 


Globe are theſe. 1/7, To ſet the Globe to the 


Latitude of a Place. Elevate the Pole of the 
Globe above the Horizon, as much as is the given 
Latitude. 2d. Jo ſet the Globe to the Latitude 
of a Place, and to the Sun's Place in the Ecliptic. 
Elevate the Pole to the Latitude of the Place; 
then bring the Sun's Place in the Ecliptic for that 
Day to the Braſs Meridian turn the Hour Index 
to the Meridian and then the Globe is ready for 
ſolving the following Problems. 34. Turn the 


Sun's Place eighteen Degrees below the Horizon, 


Eaft and Weſt, the Hour Index will ſhew the Be- 
ginning and End of Twilight. 4th. Eaft and 
Veſt in the Horizon, it ſhews the Time of Sun- 
riſing and Sun-ſetting. 5%. At the ſame Places, the 
Amplitude from true Eaſt and true Weſt. 6th. Over 


the Eaſt and Weſt Points, it ſhews the Hour and Al- 
titude. 7:4. Turn the Sun's Place to any Altitude, 


the Hour is ſhewn. 8h. At any Hour the Alti- 
tude is ſhewn. 9h, 10th. At any Hour or Altitude 


the diltance from the point utider the Sun's Place 
to that under the elevated Pole, is the Azimuth. 
117). 12th, Turn the Globe to any given Altitude 


of Sun or Star the Hour and Azimuth are ſhewn. 
134%. 14th. Turn it to a given Azimuth, the 
Hour and Altitude are ſhewn. 15. 1655. Turn 


the Globe to a given Hour, the Stars on the Eaſt | 
and Weſt Side of the Meridian continued quite „ 
round, are ſhewn for that Time. 1;:h. The 
Places of the Moon and Primary Planets, being 
found either in or near the Ecliptic, the ſame 


Problems are ſolved concerning them as for the 


Fixed Stars, 1875. The circumpolar Stars that 
do not ſet; the Parts of the Equator, Ecliptic, 
and other Circles of the Heavens, are hereby re- 
preſented in Miniature, as they are in the Hea- 
vens at their reſpective Time. 


CxxxIII. 


The Deſcription and Uſe of the Charts of Zodideal q 
Stars; deſigned for facilitating the Lunar Method N 


of finding the Longitude at Se. 


1. A Chart of the Zodiacal Stars, is a Deli. 

neation of the Zodiac, the Circles adjacent, the 
Fixed Stars within the Zodiac, thoſe that are 
adjacent thereto, and ſuch other Fixed Stars as 
may be applied in Conjunction with the Zo- | 
diacal Stars, in the Lunar Method of finding the 


Longitude. 


2. This Delineation is of two kinds; the firſt | 
is for ſhewing the Fixed Stars and the Circles of 
the Heavens as they appear in the Concavity of 
the Heavens; the ſecond kind is for ſhewing thoſe |! 
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CHARTS OF STARS. 
Stars and Circles as they would appear, if they 


were impreſſed down on the Horizons of Places 
quite round the Earth's Globe ; or otherwiſe, as 
delineated to face the Heavens. The tormer is 
called the firſt Form; the latter, the ſecond Form 
of theſe Charts. 

3- In both of theſe Charts, the- Equator i: is a 
ſtraight Line drawn through the Chart, divided 


into three hundred and fixty Degrees, alſo into 


Twenty four Hours of Time. The E-liptic cuts 
the Equator at the Beginning and Middle thereof, 
this Line 1s the Sun's Path, and 1s divided into 
its twelve Signs with Subdivifions. The Zodiac 
is the Zone or Breadth on each Side of the Eclip- 
tic, in which the Moon and Primary Planets are 
always, ſomewhere or other to be found. 

4. The Sun's apparent Path 1s from Aries to 
Taurus, eaſtward, in the Ecliptic Line at the 
rate of a Degree per Day nearly The Moon's 
apparent Path is the ſame way, but quicker and 
out of the Ecliptic Line in the manner before de- 
cribed in this Work. In this Zodiac, the Pri- 


mary Planets have their apparent Stations, direct 


and retrograde Motions. 
. At the Time of che Moon's Change, 


is the ſame as that ol he Sun, although the Moon 
may have north or ſouth Latitude. 


The remaining part of the Lunar Month, the 
Moon is loſing her Illumination on her weſtern 


Side, retaining it on her eaſtern Side, and ap- 


New Moon. 
6 Having the predidbed Longitude and Lati- 


tude of the Moon for each Three Hours or any 
other tmall Intervals of Time throughout the Lunar 
Month, her Place may be found in Miniature on 


this Chart, and the Poſition of her Cuſps or Cor- 


ners, except at the full; likewiſe the Poſition of 


the Line joining the Cuſps: to the neareſt and re- 


mote Zodiacal Stars. The Line at Right Angles 
to the Cuſps, commonly makes an Angle of not 
more than five Degrees with the Ecliptic. This 
and the predicted Diſtances from the nearer Zo- 


diacal Stars at the ſame time, makes them eaſily 


to be found, either by the Eye or a Sweep with 
Hadley's Inſtrument. By this Method the Zodiacal 


Stars may be cafily f found, 


(com- | 
monly called New Vic on) the Moo1's: Lo ngitude 


After the 
Change, the Moon recedcs eaſtward in the Zodiac 
with a ſwift Receſſion (before detcrived) firſt ap- 
pearing like a Creſcent or horned, next gibbous 
or more than half full, and then full, near chat 
Point of the Zodiac which is oppoſite to the Sun; 
during this Interval the illuminated Part is toward 
the Sun from which ſhe has apparently departed. 


Place at the given Time. 


"the Month, and Hour of the Night; 
Eftimate, what may be the Poſitions 'of the prin- 
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CXXXIV. 


Problems on the Charts of Zodiacal Stars; and the 
manner of applying them in the Lunar Method. 


Having Sights of the Sun and Moon; to 
bine the Poſition of the Ecliptic and Zodiac, 
at that Time. 

Suppole a ſtraight Line to join the two Cuſps or 
Corners of the Moon; biſect this Line at right 
Angles with the Arch. "of a great Circle paſſing 
one way toward the Sun and the other way from 
the Sun, this will be nearly the Poſition of the 
Ecliptic, which was required. 

2. Having Sights of the Moon and a Zodiacal 
Star in the Night ; to determine the. Poſition of 
the Ecliptic and Zodi ac, at that Time. 

As before, biſect the Line joining the Moon's 
Cuſps, and continue it both ways, and it will be 
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: nearly the Poſition of the Ecliptic and Zodiac, . 


which was required. 

Having the Latitude of a Place; to find its 
Parallel of Declination on the Chart of Zodiacal 
Sar, 


Guide your Eye north or ſouth of the Equator, 


on the Chart of Zodiacal Stars, *till you come to 
the given Latitude; and the Line at right and 
left, keeping at an equal Diſtance from the Equa- 5 


tor, is that which was required. | D 
4 Having the Latitude of a Place, the Day of 
e Month and Hour of the Day or Night; to find 


5 Zenith Point on the Chart of Stars, and the 3 


Stars near it at that Time. . 
Find the Parallel o: Declination for the given = 
Lati ude, as in the former Problem; then, guide 


your eye along that Parallel to the right or left, 
until it is as many Hours and Minutes either paſt 


Noon or ſhort of Noon, as is the given Time; and 


it gives the Point required. The. Stars near to 


this P t the 2 ith, 
proaching by her daily Receſſion, toward the is Point are: near ts Seni 


weſtern Limb of the Sun till the next Change, or 


the Line drawn 


through it north and ſouth is the Meridian, and 
the Stars near it are near the Meridian of the 


The Stars Eaſt of this 
Sine are ſhort of the Meridian, the Stars Weſt of 
it are paſt the Meridian, and ſo many Degrees or 


| Hours and Minutes, as are ſhewn at the Equator. | 


. Having the Latitude of a Place, the Day of Y 


cipal Fixed Stars, toward the Zenith and e 
at that Time. 


Find the Place of the Zenith as in the two 5 
former Problems; and it will be ſhewn, not only 
what Stars are near the Zenith and Equator at 
that Time, but alſo what Parts of the Ecliptic and. 


Zodiac are near the Meridian eaſt and weſt, and 
how the Zodiacal Stars or other Fixed Stars not 


far from the Zenith and toward the Equator, are: 
| ſituated at the ſame Time. 


5. Having 


to form an 


36 "CHARTS OP STARS. 


6. Having the Latitude of a Place, the Day 

of the Month, and Hour of the Night, with an 

. ' Ephemeris ; to find the Situations and Poſitions of 

the Moon and Primary Planets, to the Zenith and 
Meridian at that Time. 


1 Find the geocentric Latitudes and Longitudes 


of the Moon and Primary Planets in the Ephe- 
meris, and mark thoſe Places in the Zodiac of the 
Chart. Then, find the Zenith Point and Meri- 
dian for the given Day and Hour, and the Poſi- 
tions of the Moon and Primary Planets to the 
Zenith and Meridian, will appear by Inſpection. 


Having the Day of the Month, and the 
Latitude of a Place, to judge nearly What may be 


the Sun's Right Aſcenſion and Declination, and 


how near the Sun may apparently approach toward 


the Zenith, on that Day at Noon. 
By the Day of the Month, find the Sun's 
Longitude in the Ecliptic, then, his neareſt Di- 
| ſtance from the Equator is the Declination, and 
where his Meridian comes to the Equator, is the 


Right Aſcenſion ; the Diſtance from the Sun's 


place in the Ecliptic to the Zenith Point, is the 


- meridional Zenith-diſtance; which were required. 
8. To eſtimate nearly what may be the Right 
Aſcenſions, Declinations, Longitudes and Lati- 5 
tudes of the Fixed Stars near the Ecliptic; by = 


the Charts of Star s. 
The Right Aſcenſions are hal by referring * 


along their Meridians to the Equator, on which 


their Right Aſcenſions are reckoned; their Decli- 
nations are their Diſtances from the Equator; 
their Longitudes are referred (by perpendicular 


Arches) to the Ecliptic, on which their Longitudes 
are reckoned; and their Latitudes are their Di- 


ſtances from the Ecliptic, either north or ſouth 
thereof. 


9. Having the Day of the Month, the 1 of 
the Night, the Latitude of the Place, and an 


 * Ephemeris; to find in what Parts of the Heavens 
the Primary Planets and Zodiacal Stars are, and 
how they are fitaated to the Moon at that Time. 


Find the Moon's Place by the Ephemeris for 
1 the given Time, alſo the Places of the Primary 


Planets, and mark thoſe Places in the Zodiac of 
the Chart of Stars; then find the Zenith Point 
for the Time of Obſervation, and its Meridian, 
ſo the Zodiacal Stars, the Primary Planets and 


the Moon, will appear in Miniature on the 


Chart, ſituated to each other (either above or be- 
tow the Hortzon) as they are at that time in the 
Heavens. 


10. To diſtinguiſh the 1 8 3 


he Zodiacal Stars, or any other Fixed Stars, 


appearing near the Moon's Path in the Heavens, 
hen the Moon has her Cuſps or Corners, the 
Line drawn at — Angles to that of her Cuſps, 
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will ſhew whether a Fixed Star is near the Moon” 3 


Path or not, by this the Obſerver may often be 
undeceived ; if this is not ſatisfactory, note as 
follows. The Planet Mercury is very {-Idom re- 
mote enough from the Sun to cauſe a Miſtake. 
Venus and Jupiter almoſt always appear very large, 
Mars and Saturn at-their greateſt Diſtance, appear 
ſmall ; and, at all great Altitudes the Primary 
Planets never twinkle, theſe Properties with their 
Colours (before deſcribed in Section 24) and their 
being near the Ecliptic I. ine, will point them out, 


to be avoided. Here, the Obſerver ſhould never 


forget that, all the Fixed Stars twinkle, except 
when they are near the Zenith, then their Scin- 


tillation or Twinkling ceaſes, but the Planets 


never twinkle when they are elevated but a few 


Degrees. Near the Horizon, the larger Planets 


may have a ſmall Scintillation. Mercury ap- 
pears ſmall, of a pale Colour, and 1s never far 
from the Sun. Venus appears frequently large 
and ſplendid to the naked eye, when ſhe appears 
but half or a third part full through a Teleſcope. 
Mars changes his apparent Magnitude more than 
any other Primary Planet, but always keeps a red 


Colour; at his greateſt Diſtance, he is not larger 


than Regulus, at his neareſt Diſtance, as large as 
Jupiter when fartheſt from the Earth. Jupiter 


commonly appears large and refulgant. Saturn 


commonly appears pale, ſometimes. like a Star of 
the firſt, at other times of the ſecond Magnitude. 


Theſe Changes in their apparent Magnitudes, 


ariſe from their Change of Diſtance from the 
Earth, or their Places in their Orbits compared 


with the Place of the Earth in its Orbit. 


11. Having the Time at the Ephemeris's Place, 
and the Time that a Zodiacal Star is either paſt 
the Meridian or ſhort of it at the Ship's Place; to 
determane the Solar Time at the Ship's Place, and 


by both of theſe the Ship's Longitude. 


"In this Problem, the Charts of Zodiacal Stars 
are of ready Uſe for removing Difficulties that 


of the Situations of the Celeſtial Bodies, and their 
apparent Motions in the Circles of the Celeſtial 


Sphere. 


In the Laan Method, by the Moon and a Ds 


diacal Star; when the Time at the Ephemeris's 


Place 1s found, likewiſe the Star's equatorial Di- 
ſtance either paſt the Meridian of the Place of 
Obſervation or ſhort of it, the Solar, Time at the 


ary: of Obſervation may be inferred thus. 


Subtract the Right Aſcenſion of the Sun 
58 the Right Acne of the Star, or the Right 


Aſcenſion of the Star from that of the Sun (which | 
of the two can be. done) the Remainder is their |? 


Equatorial Diſtance, 


| 2 When | 
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ariſe with Perſons who have but an imperfe& Idea 
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the Star is weſtward from the Meridian 
34. At the Equator on the Chart, are three 


Computation of that Diſtance. 


Ship s Time, is the Longitude, _ 
lere, it is evident that, if the Star? 8 Altitude | 
We correctly taken, the Ship s Time is right, and 2) | 
Y of hs nr priveipal. Methods, bie 8 "RY 
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24, When the Star is ſhort of (or eaſtward from) 


the Meridian of the Place of Obſervation, re- 
move that Meridian ſo much weſtward from the 
Star, as the Star is eaſtward from the Meridian. 


When the Star is paſt (or weſtward from) the 
Meridian of the Place of Obſervation, remove 
that Meridian ſo much eaſtward from the Star, as 
Then, 


Points, different in Right Aſcenſion (or Diſtance 


from the Beginning of the Equator) namely, the 
Right Aſcenſion of the Sun, that of the Star, and 
that of the Meridian. 


Of theſe, the Sun's Right 
Aſcenſion is accurately known by. the Ephemeris's 
Time; 3 the Star's Right Aſcenſion, is known 


from its Table; the Star? Ss. equatorial Diſtance 


from the Meridian; either paſt the Meridian ar 
ſhort of it, is known from the Star's obſerved 
Altitude, Polar-diſtance, the Latitude, and a 
Canſequently, 
4th. By adding or ſubtracting (as the Caſe 
requires) the Sun's equatorial Diſtance from the 


Meridian is had, and this is the Solar Time at the 
Then, the 

at Sea, ch the. four other. STOOL before - ments": 
: tioned... 


Ship, either paſt or ſhort of. Noon. 
Sum or Difference of the Ephemeris's Time and 


| that, an Error in that Altitude Produces a 2 
: Ion tional one in the Longitude. 
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ts applied, for finding the Longitude at Sea. 


1. Although there have been Twenty Methods | 
— for finding the Longitude of a Ship at Sea, 
there have been but five of them improved enough 
The firſt of theſe Methods 
is, by the Ship's Reckoning; the ſecond, by help 
of a Watch or Time-keeper; the third, by Sun 
and Moon, or Moon and Zodiacal Stars ; ; the 
fourth, by help of Variation Charts; the fifth, b VE 
Calculations and Obſervations, relative to the Im- 


to anſwer their Deſign. 


merſions, Emerſions, Occultations and other Phe- 


1 nomena of Jupiter's Satellites. 


2. 'The fifth Method by the Satellites has "A 
practiſed by Help of a Marine Chair to take off 
the Ship's Motion, and at certain times with Suc- 
ceſs, but this Apparatus is thought too unweildy 
for general uſe, though rendered much more con- 


venient and complete than it would otherwiſe 
be, when furniſhed with the moſt UNPIOves Te- 
leſcopes. 


1. Whenever this Method by Jupiter” 8 Satellites 


is brought into uſe at Sea, it will have many Im- 
perfections and Obſtructions attending it, which 


quent Proximity to the Sun. 
ſitions and near Approaches of the Satellites to 
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Perſons who are advocates for it may not think to 
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exiſt. ½. Whatever Errors are in the predicted 
Times of the Satellites appearing or diſappearing, 
will be Errors in the Longitude inferred. 24. The 
Teleſcope muſt be applicable at Sea, at Times 


and Places when and where the Longitude is 


wanted to be known. 34. The Obſerver muſt be 
acute and expert enough to make juſt Allowances 
for all Changes of the Air and Vapours, where, 
and whenever the Obſervations are made ; and be 


undeceived in judging which is the Satellite to be 


obſerved, before the Immerſion, or to be noted after. 
Emerſion 4th, He muſt know, not only the Ship's . 


time, but alſo the Ship's Longitude, ſomewhat _ 
near the Truth; otherwiſe, his attention muſt be 
_ exerted in a ſtrict manner for ſuch length of Time 
as will quite weary him. 
is not always viſible in the Night, even in the 


5th. The Planet Jupiter 


moſt favourable Weather, on account of his fre- 


each other; theſe, at Sea, will have greater! n 
ficulties, in attending Obſervations of them. 
4. It remains therefore, to take the Longitude 
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5 Haceh Fully applied, an finding the Longitude at Sea. - . 


In Order to form a judgement concerning : 


f BENS 5 5 the Merit, of each of the four. Methods whereby 79 
07 the general Methods, ankich bave dies ig full the Longitude has been found. it, is proper to 

examine, how frequently and to what Accuracy, 

each of them may be Fiel when and where 


they are wanted at Sea; 


thereby appear how . much 3 is alitted : 
by each of them... 5 


Advantages of the fri Metbod; by the Ship's s 


Reckoning or uſual Method of Sailing. ; 
1/. This Method, the Navigator muſt be ac- 


quainted with, whatever other Method he thinks 
proper to practice at any particular time or place 
or whether he is acquainted with any other or not. 
24d. This Method is ealy, and when the Ship 7 
makes a ſhort Voyage, the Error in Longitude by 


it may be expected very. ſmall ; perhaps, when 
practiſed with Care and the lateſt Improv ements, 
in ſhort Voyages, it is the moſt certain Method 

that can be uſed. 34. It is univerſal, may be ap- 


plied at all times, as well by Night as by Day, 
and a Voyage is never hindered in it for want of 
ſeeing the Sun. 44. It is the only Method whereby 


the direct Courſe of a Ship can be known, to. ſail 
Aa: the 


6th, As to the po- | 


becauſe, , from theſe 
Circumſtances their Utility will ariſe, and it will 


— — —— — 
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the ſorteſt Way to the intended Port. 57. In it, 
by help of the obſerved Latitude, the ill Effects 
of Currents and Leeway may often be diſcovered 


and allowed for, and thereby the Longitude de- 
termined near the Truth. 6/. It is the only 
Method whereby the Variation, Leeway, Lati- 
tudes, Longitudes, and other Incidents, can be 
examined throughout a ſmall Part of an Ocean or 
Sea, and thele are PTY Ro in 1 Practical 


| Navigation. 


Diſadvantages of the Firſt Method ; by the Ship 8 


Reckoning or uſual Method of Sailing. 


and cauſe fatal Accidents. 24, Whatever Errors 
ariſe in this Method, they cannot be corrected by 

any Principles or Practice belonging to this Me- 
thod. Thole Errors are carried on in the Ship's 


= 8905 ng, and Corrections of them muſt ariſe 
from Principles no way related to this Method. 
3a. When the Ship comes in Sight of Land, it 
map or it may not be Land with which her Navi- 
gators are acquainted with, and a Miſtake in this 


reſpe&t may be attended with fatal Conſequences. 


taould be avoided, 


Advantages of the tad Method ; by the uſe of ; 


Watches or Timekeepers. Lt, 


fff This Method has the appearance of being 
the eaſieſt to be practiſed, and with all deſireable 
Accuracy when the Latitude is known, and the 
Watch or Timekeeper keeps correctly to mean 


Solar Time; then, the Navigator is carefully to 


obſerve for the Latitude as correctly and often as 


poſſible, ſo that it may be always ready for Uſe in 


this Method; and let the Timekeeper go on un- 
diſturbed. 2d. An Altitude of either Sun or Star, 
the. Declination, and the Latitude, are all that 
are wanted to give the Solar Time at the Ship; 
and this compared with the Solar Time thewn 4 
the Watch, gives the Longitude. 


1 Diſadvantages of the ſecond Method ; by as Uſe 


of a Watch or Timekeeper. 


IJ. This Machine muſt be curiouſly conſtructed 

and iiniſhed in all the Parts that are deſigned for 
making it keep Equal Time; this requires much 

| Ingenuity, Skill and Care in an Artiſt, and there- 


fore he will be entitled to ſuch a Price for his 


Workmanſhip as it deſerves. 24. That Price may 
be unſuitable with. many Perſons, who want to 


GENERAL METHODS. 


find the Longitude at Sea, for the Safety of them- 
ſelves, and of the Property of their Employers, 34. 


The Machine muſt have a ſtriét Trial before it is 


taken to Sea; and it can no way be effected com- 
pletely, but by the moſt accurate aſtronomical 


| Obſervations. 47h. If an Accident happens to it, 


or otherwiſe it errs in its uniform Rate of going, 


at Sea, there is nothing belonging to it that can 


ſhew what the Error is, or Point out a Correction. 


5. Such Machines may go well for a conſiderable 


Interval, or for but a very ſhort 'Time, and then 


alter, through Cauſes or Accidents unforeſeen, un- 


| known, and no way to be accounted for. 
175. It is liable to great Error at the End of 


a long Voyage, and ſometimes in a ſhort Inter- 
val ſmall Errors will creep into the Reckoning 


Advantages of the third Method ; by the Sun and 
Moon, or Moon and Todixcal Stars. 


TH This Method may be practiſed in the Day 


time . almoſt half the Days in the Year, with no | 
better Inſtruments that ought to be in every Ship | 
for finding the Latitude, and wich which Naviga- | 


tors are well acquainted. 24. Almoſt all the 


Year (by Day and Night) it may be practiſed 


with Inſtruments to be purchaſed at an eaſy Price, 
and by Calculations no way difficult to be learnt, 
nor much longer 1n Operation than the Method by 


a Timekeeper. 3d. The Longitude may be taken 


| 4th. Through not knowing the Longitude, the by this Method, at different times in the Day, 


Ship, may be in a Track very different from that 
Ihe 18 ſuppoſed to be in, and may thereby come 
near Rocks or Shoals in the . Os which 


alſo at different times in the Night, alſo by a 


Star Eaſt and another Weſt of the Moon, all in- 
dependent of each other, and the Medium of the 
| Whole may be taken. Such Operations may be 

continued, from Obſervations made Day after 
Day, all independent of each other; this no other 
Method admits of. 4th. In this Method the co- 


temporary Obſervations only, are ſufficient Data 
for the eaſy Determination of both the Latitude and 


Longitude of the Ship, although the former be un- 
known, and the Operations may be made by per- 


ſons of no previous arm: ah in | th: Theory of 


Aftronomy. _ 
: Diſadvantages of the third Method; 1 the Sun | 


} 
4 
» x 


the Moon will be ſo near to the Sun, that Obſer- | 


and Moon, or Moon and Zodiacal Stars. 
1/4. During three or four Days in each Month 


E: 


7 1 
4 
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vations cannot be made in this Method; and there: 


from both. 


Advantages of the fourth Method; 10 the Help g : 


of Variation Charts of the Magnetic Needle. 


1/7. This Method requires no other Inſtruments, || 4 


Books nor r Inſtructions, than what * are 


fore, before ſuch Intervals begin i it will always be 
proper to omit no Obſervations that can be made | 
in this Method, to the Beginning of that Interval. | 
In the Interval the firſt Method 1s to be carefully 7. 
applied, and (if the Navigation requires it) the 
Watch may allo be e to Bt"! 2 1 15 


x 
or} E | 
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or ought to be acquainted with, in the Practice of 
the firſt Method. 24. When the Ship 1s in a La- 
titude that 1s nearly known, and at a Place in an 


Ocean or Sea, where it is known that the Lines of 


equal Variation do run northwardly and fouth- 

wardly, and that the Variation in thoſe Lines 
alters much in ſmall Diſtances, after a regular 
manner; the Longitude is taken eaſily by this 
Method, thus. 3d. Having the Latitude either 
by Obſervation or Account, the Altitude of either 
Sun or Star, and its "Polar-diflance, the true 


Azimuth is found; which being compared with | 


the Magnetic Azimuth gives the Variation. 
4th. This Method is not dependent on any pre- 
vious Knowledge of otter Data than the 
when the Star 1s obſerved, nor of any thing but 


the Latitude and Sun's Declination when the Sun 


is obſerved. 575. The Moon may alſo be applied 


in this Problem, and Obſervations may be repeated 


by different Fixed Stars. 675. In the midi of 


large Oceans and Seas, where Ships commonly 


loſe their Longitude, it may be taken by this Me- 


ſtance diſcovered to the deſigned Port. 


Diſadvantages of the fourth Method; by the help 
S Variation Charts of the Magnetic Needle. 5 


. The Lines of equal Variation, do, at ſome : 
A 1 run ſuch Lengths, near the ſame Parallels 
of Latitude, that the Longitude cannot be found 
Z by this Method at ſuch Places. 
Places where the Lines of equal Variation do run 
northwardly and fouthwardly, they are too wide 


24. At ſome other 


for the Longitude. But, 34. The Places where 


| theſe Poſitions of the Variation Lines are to be 
met with, are but few being compared with all 


7 other 8 WIR uy Arie in 885 . Voyages. ceſs; theſe the Obſerver ſhould have, and know 


the Uſe of both. Some Navigators come within 
forty Miles, others within twenty Miles, others 
within ten, and others within five Miles, by this 


Method ; 


cxxxvlI. 


{ 9 the r to which the 1 may be takes: 


by the uſual Method of Sailing, the U of Watches 


or Time-keepers, the Sun and Moon or Moon and 


Zodiacal Stars, and by Variation Charts 7 the 
1 e Needle... 


'F irſt Method; by Sailing. 


4s Wied perfect and uſeful this Method my, 


be thought for ſhort Voyages, it ſometimes hap- 


pens that in long Voyages, Navigators are de- 


ceived by it ſeveral Hundreds of Miles. Some 


4 Navigators will have it, that by a due Correction 
pf the uſual Method of Sailing, a Ship's Reckon- 


ing will (in croſſing the Atlantic Ocean under one 


direction) not differ from the true Longitude more 
than a few Miles. 


L Navigators) i in failing | from South to North home 


Others (the moſt experienced 


Latitude 


a Fs er. 


METHODS. OD 
ward bound, have loſt their Longitude by Reckon- 
ing, from a few to more than Five hundred Miles, 
Such Errors as theſe are of great Conſequence, 
and muſt ariſe from ſome Cauſe or Cauſes, for 
which the uſual Method of Sailing has no Cor- 
rection. It is a well received Opinion, that the 
Oceans and open Seas have, at certain times ſtrong 
Currents, ſetting Ships under unexpected Direc- 


tions, and ſuch as can never be accurately pre- 
dicted nor eſtimated. 


Second Method ; by Watched, 


The Accuracy to which the Longitude c: can 


be . by this Method depends on the Perfection 
of the Watch or Time-keeper that is to be uſed, 


and the length of Time the Ship is on her Voy- 


age. If a Ship is to be from Land two Months, 


and the Watch errs four Seconds of Time per Day 
different from what is ſuppoſed, the Error in that 
time amounts to a Degree of Longitude, If the 


Ship is longer time from Land, vixder {uch Error 


of the Watch, the Error of Longitude will be 
greater. 


thod, and applied in ſailing the Courſe and Di. (and ſuch may be) the Conſequences of depending 


on ws Watch will be accordingly. 


T? the Watch has a greater Error daily 


Third Method; by the Moon. 


The original Cauſes of Accuracy and like- 
wite of Error by this Method, have been before 
conſidered in this Work; the Obſervations of 


Navigators who have determined the Longitudes 
of Places by it both on Land and at Sea, confirm 


its Utility in long and dangerous Tom 
2. When this Method i is practiſed at Sea by Per- 


ſons who are not provided with proper Inſtruments _ 


to make the Obſervations, nor proper Books for 
making the Calculations, they cannot expect Suc- 


the Method itſelf, under its moſt favoura- 
ble Circumſtances, ſeems not to admit of Error 


greater than 'Tw enty wars this 1 is Verte by able _ 
"= ODErVers, 


F *ourth Method; by the Valette 


This Method has greater Extremes than t. the 
At ſome Places the Ship may keep the 
ſame Latitude ſeveral Degrees without Alteration 


in the Variation; at ſuch Places the Longitude 


cannot be taken by this Method without erring 


ſome Degrees, however truely the Variation Chart 


15 drawn. At other Places, where the Variation 
Lines are moſt favourable, the Longitude may be 


had from them within a Degree or Sixty Miles of . 


D:ance. 


92 HADLEY'S SEXTANT. 
= CXXXVIII. 
Directions for adjuſting either the Octant or Sextanty 


in Order to make an Obſervation with it, for the 
Latitude or Longitude at Sea. 


| 

| 1. There have been ſuch Alterations made by 
[1 | | Inſtrument Makers, in the Parts of this Inſtrument, 

| ſince its firſt Invention, and are fill making, 

| that an Account of them all cannot be expreſſed 
1 hs in a few words. Notwithſtanding thoſe Innova- 
+ | | | tions, and the Inſtrument's being varied in its 
3 Contſtruction, it depends on its original Princi- 
"FI ples, and the Adjukment of it in all its s Forms, 
I - „ will ever be the ſame. 


1 e Cell that is to hold the Glaſs; and ſhould ſcrew 
1 ä d ſhould go in and ont of the Cell freely; and with- 
e when fixed in the Cell. 

* 85 from the Plane of the Inſtrument as the Line be- 
of the ſmall Mirrour. 


[3 7 e 4. To adjuſt the Inſtrument. Put the Begin- 
VVT ning of the Index to the Beginning of the Arch; 


1 Gs then hold the Inſtrament upright, and move the 
V imall Mirrour vertically, until an horizontal 
—_ Line (at a Diſtance not leis than a Mile) appears 


=: | ; 8 . K is th f11 d | I 
_ TO 5 ons eee Line, Acros eee nd Middle of the Vibrations; and when ſeveral Bear- 


ings and Altitudes have been taken, at the Ends j 
of ſhort Intervals of Time, a Medium of them 2 


| | 5 unquickſilvered Parts of the {mall Mirrour. For 
WH. 5 Fa the horizontal Adjuſtment; hold the Inſtrument 
= baorizontally, and move the ſmall Mirrour hori- 
3 ꝛvontally, until that horizontal Line, appears as 
18h | one continued Line both on and off the duickſil- 
1 veered part of the Small Mirrour. 


f ment is the ſame by the Sun (with a dark Glaſs 


bi CEE „„ 1 next the Eye) the Moon, a Star, or any other 
188 e 85 remote Object; any Point in the Object, appear- 


| | 8 555 e ng, both by dire& Viſion and double Reflection, 
„ „ | a Point in the Line between thoſe two Parts of 


. 8 | LS  Perties. 


in Section 53, For Solar Time by the Sun, 54. 
RE SE = by a Fixed 1 J 5. e gy 
| * Amon; yoo 


* al Direetions for ee with . Azimuth ge 


113 in order to take the Variation at Sea. 


* | I. The Azimuth Compaſs has had ſuch Alte-. 


rations made in its Parts of late Years, that to 


2. The Foot of the lader Glais's Cell, ſhould | 


bh be formed at Right ane les to the plane of the 
_ a 4 as poſſible with the north or ſouth Point of the 


Needle or Card; at the ſame Time, an Index 


down at the Centre of the Index. The Glaſs (being the Baſe f an upright Plane) is turned 


out being liable to be out of the Perpendicular 
il 5 3. The Eye Hole ihould be the fame Diſtance 


tween tue quickſilvered and e Part 


5. In this State of the Inſtrument, the Adjuſt- 


JJ =” ſmall Mirrour. This Adjuſtment is of the 
A greateſt Conſequence previous to an Obſervation; 
=. aAnd if the Inſtrument is conſtructed after any other 
108 . than the uſual Manner, it muſt anſwer theſe Pro- 


„ I'DE Precepts for taking the Latitude by 
Meridian Altitudes taken with this Inſtrument are . 


AZIMUTH COMPASS. 


give a particular Account of them, would require 
many words. The whole Uſe of this Inſtrument, 
in any of its forms, 15 to take the horizontal Bear- 
ing of the Sun or any other Celeſtial Body, with 
the north and ſouth Line of the Magnetic Needle, 
at the Time when an Altitude 1s taken of the ſame 
Celeſtial Body; in order to determine the Vari- 
ation of the Needle (or Compaſs Card) from the 
true Meridian, at the Place of Obſervation. 

2. In the Uſe of this Inſtrument, when an Ob- 
ſervation is to be made with 1t, the Needle or 


Card in the Box is ſuſpended freely on its Pivot, 
and the Frame of the Inſtrument with its Divi- 
fions is to be moved, ſo that the Beginning of the 


Circumference on the Frame may agree as exactly | 


toward the Sun's Centre, and the Degrees on the 


horizontal Frame, intercepted between the Index 


and the Point of the Card, are thoſe to be taken. 
3. Having the Altitude and this bearing the 
Variation is found thus. By the Co-latitude, 
Co-altitude, and Polar- diſtance, the true Azi- 
muth is to be found; this being compared with 
the Bearing (commonly called the Magnetic Azi- 
muth) gives the Variation. 
4. In taking the Bearing by this fafrument, 
if the Needle or Card vibrates, the Point of the 


Frame ſhould be kept as exactly as poſſible in the | 


will give the Variation near the Truth. 


. After this manner, the Bearing is taken | 
from the Eaſt or Weſt Points of the Compaſs Card, 
when the Variation is to be taken at Sun-riſing 
or Sun-ſetting, by an amplitude; then, the true 
and magnetic Amplitudes being compared, give 1 
the Variation. Here, the Sun's Centre is in the 


Horizon of the Sea, when his lower Limb appears 
Half the Diameter above that Horizon, ſuppoſing 


there is no 3 if there 1s "TE" it * be 
cleared. 


cx. ; 
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Hoving the Latitude of a Place, and the Time Blaphed I Fr 


* the Inſtant the Sun is in the true Horixon; 
to determine the true Azimuth from the Point under 


the elevated Pole. 


1. This Problem has two Cate 17. when the 2 
Latitude and Declination are alike, 24. when 
they are unlike ; the "Circumſtances attending 
theſe Caſes are to be obſerved. Ia this Problem, 
two Sides and the included Angle of a ſpherical ? 
Triangle are given, and when the Sum of the 
containing Sides is more than a Semicircle, the 
ſapplemental Triangle is to be . and the 

Anſwer 
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Anſwer will be accordingly. See Figure, Azi- 
muth without Altitude. 


Caſe 1, 
2. In the Triangle bde, dc is 500 of; db is 


77 42; and the Angle at c is a Right Angle. 


Therefore, the Tangent of 50% & added to the 
Co-tangent of 7)“ 42“ makes the Coſine of the 
Angle dc added to Index 10, as taken from the 
Logarithms. Hence, the Angle b4c is 74® 56' 


which being added to the Angle de (15% of) 
makes the Angle cde 89% 506, and this taken 
Then, 


from 180? gives the Angle e go? . 
having the Co-latitude %, the Polar-diſtance de, 


and the included Angle edf, one of the other An- 
gles e is found 812 59); or ac the Azimuth re- 


quired. The Proportions for the Sides and: in- 


cluded Angle, are in Section 41. The Half Sum be depended on. If the ſuppoſed Time at the 


of the Sides is 58? 51'; their Half Difference is 
18? 51'. What makes this Problem preferable to 
ſome others deſigned for getting the Variation by 


Obſervations when the Sun 1s very near the Hort- 


zon, is its Accuracy; for, having once deter- 


mined the Inſtant of the Sun's being in the Hori- 
Retrac- 


2on, the 'Truth comes out independent of 
tion and the horizontal Vapours 
Cu 2. 1 


folved, although they fall below the Horizon, 


toward the depreſſed Pole, | 
After the ſame manner any other Celeſtial 


reduced the meaſured Elapſed Fime, to the Equa- 
e Ent. EY; 
Of Problems with a 

of a Ship at Sea, 


1. When (in any of the uſual Methods of find- 
ing the Longitude at Sea) the previous Obſerva- 
tions have been made, and they are deficient in 


may be called auxiliary Data. 5 
2. Four Problems of this kind have been ſup- 


3 poſed to happen in the Lunar Method, namely, by 


4 ſiciency of the Moon's Altitude when either the Sun 
or Star's Altitude and the Diſtance have been taken. 
Here, other chings ſuppoſedly known, namely, the 


: : | _. quired. 
a Deficiency of the Sun's Altitude when the Moon's 


I Altitude and the Diſtance have been taken, a De- 
ficieney of the Star's Altitude when the Moon's Al- 
titude and the Diſtance have been taken, and a De- 


AUXILIARY DATA, 93 


Solar Time at the Ship, the Ship's Latitude and Lon- 
gitude, at the time of Obſervation, have been uſed 
as auxiliary Data, for finding the Altitude of the 
Sun, Star, and Moon, in order to be applied with 
the two other cotemporary Obſervations. But, 1½. 
3. At Sea, when the Altitude of one of the 
Luminaries can be taken, the Aititude of the other 
can be taken, with no great Difference in Accu- 
racy. 24. An Error in the Sun or Star's Altitude, 
although it be great, may not produce a great Er- 


ror (eſpecially when it is taken nearly eaſt or weſt) | 


becauſe, it chiefly affects the Ship's Time only. 
3d. In the auxiliary Data, the ſuppoſed Time at 
the Ship, muſt have been deduced from other 
things, ſuppoſed true, whilſt the ſuppoſed Latitude 


and Longitude may be both erroncous; and there 


fore, not one of the three auxiliary Data, are to 


Ship, the. Ship's Latitude or its Longitude, are 
either of them erroneous, the deduced Altitude 


is erroneous. Jo this Error there is no apparent 


Limit, whilſt the Error by an obſerved. Altitude 


cannot {in uſual, Caſes) be greater than what ariſes 


from a Part of the apparent diurnal Arch applicd 
to a falſe Horizon. Farther. N 


4. In uſual Caſes, at Sea, the Moon will want 


the leaſt Aſſiſtance from ſuch Data; in the Night, 
// ½½½ of the Horizon which i beneath. her, - 
I Thais 1s when the Latitude and Declination are 

one of them North, the other South. Here, the 
ſupplemental Triangles to a Semicircle are to be 


will frequently be better illuminated than the other 


Parts, and if her Altitude is got this way, there 
muſt be a previous Correction for Parallax, and 

other things which molt Perſons are unwilling to 
meddle with. The Sun's Altitude, never wants 


6 . this Help as much as that of the Moon; the Zo- | 
Body may be obſerved and applied, having firſt 


diacal Stars when nearly under or above the Moon, 


never want it more than the Moon; and under 
other Poſitions, the Horizon is often illuminated _ 
ſttrongly enough for a Dependance on the Al- 

a xiliary Data, in the four uſual titude, as taken with the Inſtrument. _ 
Methods of determining the Latitude and Longitude, 


5. If the Altitude is wanted from the auxiliary 
Data, it may be eaſily had by application of 

| ſpherical Triangles or the Precepts concerning 
them in Section 41 of this Work. If the Solution 
is purſued by ſuch a Method, there can be no am- 

: ps of Fidel in biguity or Uncertainty concerning the Anſwer; 

= their Number, or are any otherwiſe very defective 


in ſome particular Part; either the Longitude 
cannot be deduced, or the Dehciency mult be ſup- | 
plied by ſome other things that are Known; theſe 


for, the, Co-latitude and two Polar-diſtances ot 

the Celeſtial Bodies, alſo, their Equatorial Diſ- 
tances, and what each of them is either paſt the 
Meridian or ſhort of it, are eafily to be derived 


from the Data, and by a Calculation no way diffi- 


cult, the Co-altitude may be bad which was re- 
ired. In ſuch a Method of Solution, the L'ables 
of Log. Sines and Secants are all that are wanted, 
and to but four Places of Figures beſides Index, in 
uſual Caſes, but if greater Accuracy is wanted, 
five or ſix Figures may be applied, and ſuch other 


Corrections as are neceſſary for getting the Alti- 
| tude as it would have been oblerved on the iphe- 


roidical Earth or Se. 
wo e EIS 
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Lat. N. 40" 87". Canne-- 


AUXILIARY DATA. 
EXAMPLE I. 
True Latitude N. 497 67” 
Sun's Decl. N. 19 34 
Sun paſt Noon : 


From Noon 75 55 Sine 9.89675 
„lee 38 437-.- awe 9.70527 
Lat. N. 49 57 Sine 9.88394 


JSSSCFT!!'! -- O07 E0: 
Second Arc 11.34 Colne 


-urlt Axe: 27 34. : 966. + Re 0.04475: 
Second Arc 29 474 Coline 9. - 
0 
Kemainder 44 10 Coſine 
Firſt Are 25 34 
Aldeb. Alt. 40 19 Sine 


Lat, 8. 14% Cone gigs 
From Merid. 46 28 Sine 98883 
Firſt are 44 31 Sine 9.84577 

e eee 9.40586 


PFirſt Arc 44 31 
Second Arc 69 42 Cofine 
Polar-diſt. 100 11 LESS, 


Remainder 31 61 Cofine 9.93257 
Firſt Arc 44 Ty Coſine 12 
Moon's Alt. 37 372 Sine 9.78569 


Polar-diſt. 70 26 


Firſt Arc 38 37 Coſine 9.89284 
Sun's Alt. 23 50 Sine 9.60636 
EX AMPHLE II. 
True Latitude NW. 51932 
V 20 38 


Sun ſhort of Noon 50 221 


n - 5132 Ooſine 9.79374 
From Noon 50 222 Sine 9.88662 
CFT 9.680365 


:- Late e ---* G87 
© Furſt Ar 28 38 Sec. I. R. © ©,05002-.. 
Second Arc 26 522 Coline 9.95036 

NEAT T_T EEE 

Remainder 83 452 Coline 

Firſt Are 28 38 Cone 9.94338 

Sun's Alt. 5 29 Sine 8.97970 


e m.,, 
True Latitude . 5132 


, , 36 2 
Aldeb, paſt Meridian 43 56 
c Celine” Q7ga6y 

From Merid. 43 56 Sine 9.84125 
. "Fu Arc. 26 24. Sine 9.03508 
It. N. i 32. . Sine. © | 9997 


-- EXAMPEE-IV, 


True Latitude S. 14˙ 45" 


| Moon's Decl. . 10 11 
Moon paſt Meridian 46 28 


13-39 | 
9.80352 
9.99110 


5 Remainder 58 52 Coſine 9.71352 


required. 


| 0.03632. 


Coſine : 9.95 525 


See. I. R. . 1 
9.55274 


AUXILIARY DATA. 
6. In words at Length, the Rule by which theſe 


Operatio's are made, is thus. Eg 

1. Get the true Latitude of the place of Ob- 
ſervation, the true Declination of the Celeſtial 
Body whether it be Sun, Moon or Star, and the 
Time in Degrees and Minutes that it is either paſt 
the Meridian or ſhort of it. 24, Add together, 
the Coſine of the true Latitude, and the Sine 
of the diſtance from Noon, the Sum (rejecting Ra- 
dias) is the Sine of Arc the Firſt. 34. Add te- 
gether, the Sine of the true Latitude, and the 


Secant leſs Radius of Arc the Firſt, the Sum (re- 
jecting Radius) is the Coſine of Arc the Second, 


4th. Take the Difference between Arc the Second 
and the Folar-diſtance of the Celeſtial Body; then, 
add together the Cofine of this Difference (or Re- 


mainder) and the Coſine of Arc the Firſt, the 
Sum (rejecting Radius) is the Sine of the Altitude 


7. However eafily ſuch Data as the foregoing 


may be applied, the Obſerver will do well to take 
the cotemporary Obſervations as accurately as he 
can, and depend on them for Succeſs. The hid- |? 
den Errors that are in ſuch Data, may be greater 
than he ſuppoſes, and it may require no little 
thought to conſider the Origin of them and to judge 
BEOS 
8. As the Lunar Method have ſuch Data, ſo | 
have the Methods, by Courſe and Diſtance failed, | 
by the Watch or Time-keeper, and by the Varia- 
tion; even that by Jupiter's Satellites on Land, 
may depend on a ſuppoſed regular Gain or Loſs 
of Time by the Clock, from the Inſtant it was 
3 ſuppoſed right, whilſt neither of them may hap- 


pen to be the Truth, ſo the Longitude inferred ? 
may be proportionably erroneous. In the Watch | 
Method of finding the Longitude, when the Ma- 
chine has been carefully tried for a long time be- 
fore the Voyage, and is carefully kept at Sea, 
there may then be hope of its continuing to go on | 
as before; but, if it happens to the contrary, 7 
after the utmoſt Skill and Care that Man is maſter | 
, _ of, have been exerted in its Formation and Pre- 
ſervation, its Defects plainly ſhew that it can no 
way compare with the Motions of the Celeſtial Bo- 

: 5 in keeping the Diviſions and Subdiviſions of 


eee . 
Directions fur finding aohetber a Watch or other 


Timekeeper keeps Equal Time, and what its Error 
is; by obſerved Tranſfits of the Sun and Fixed | 


Stars. 


1. It being certain, that a Watch or Time- 
keeper, when taken to Sea may go either right * 
or wrong, the Perſon who is to apply it ſhould |? 
know how to find its Defects on Land, before it 


Jer %. wo 


2 | ATE 0 m7 4 - 


. 
1 
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Times ſhewn by 


INSTRUCTIONS. 


is at Sea and deceives him. In wy Practical 
Aſtronomy, a Method was ſhewn how to do this to 
great Exactneſs without the Uſe of Inſtruments. 


-- Iau, -- | | 


- 2, Over an horizontal Line that 1s nearly in a 
north and ſouth Direction, or in other words, near 
the Plane of the Meridian, let two perpendicular 
Threads be tightly ſtrained at the Diſtance of, 
from one to two, three or more Feet from each 


other, whereby to take the Meridian Tranſits of 
the Celeſtial Bodies, and compare them with the 
the Watch, Time-keeper or 


Clock. See Equation of Time Tables. 
3. The Table of the Equation of Time, ſhews 


plainly whether the Sun's meridian Tranſit is be- 
fore or after the Equal Time to be ſhewn by the 


Time-keeper and how much, whether it be addi- 
tive or ſuhduQtive ; from which, a Method of try- 
ing it by the Sun's Tranſit will be as follows. 

4+, Firſt let the Minute and Second Hands of the 
'Time-keeper be put as many Minutes and Seconds 


| before or after Twelve as is ſhewn by the Equa- 


tion Table. . Secondly, the ſame Day, let the 
Obſerver withdraw himſelf one, two, or more Feet, 


behind the ſtrained perpendicular Lines, and note 
the Inſtant when the Sun is biſected by them both; 
and then, let the Time-keeper go on freelx. 
5. One, two, or more Days after, let the Sun's 
Meridian Tranſit be taken in the ſame manner, 


and the Time noted as ſhewn by the Time-keeper. 


Then, if it has gone to Equal Time in the Inter- 
val, it will differ from the Time of Obſervation + 
that Day, by the Equation of Time for. the ſame 
Day; .otherwiſe, it has gained or loſed in its rate 
of going; and the daily Gain or Loſs may be 
thereby judged of and noted, to be allowed for in- 
oo P 
6. By the ſame Method, the Fixed Stars may 
be obſerved and compared, but their Right Aſcen- 
3 ftons muſt be carefully compared with the Right 
Aſcenſion of the Sun, otherwiſe the Accuracy 


which this Method admits of will be loſt, for with- 


out ſuch Allowance they will only ſhew the Gain 
or Loſs on Siderial Time. 


k BXAMPLE I. 
March 24, Sun South | 


2b 8 40". - 
Should be South at e 
Clock before Equal Time 8 
, BE: 
March 24, Procyon at u 20 277 
Should be on Merid. at "+ 23 10... 
Clock before Equal Time o 2 7 
March 24, Regulus at 9 58 19 
Should be on Merid. at 9 56 13 
Clock before Equal Time o 2 6 


_ 1aferred, ſhould be taken for the Truth, till there 
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By ſuch Obſervations, it will appear how accu- 
rately the Time-keeper may be expected to keep 
to mean Solar Time at Sea, and what Allowance 
ought to be made for its gaining or loſing, during 
any Time whilſt the. Ship is at Sea. Ly 


CXLIIE 
Inſtructions for finding the Longitude ; by the wud | 
; Method of Sailing. e 

1. The principal Errors which ariſe in this 


Method are in the . Courſe ſailed, the Diſtance 
_ meaſured, the Variation, Leeway and Currents 
not properly allowed for; therefore the Navigator 


ſhould, with all poſſible Care and Attention, en- 
deavour to prevent all Errors arriſing from thele - 


Cauſes. For chat purpoſe . 


2. Every Hour in the Day and Night, the 


Courſe ſailed by Compaſs, the Diſtance run, and + | 


the Leeway, ſhould be taken it they can be taken, 
and with as much accuracy as poſlible, In the 
Night and at other times: when they cannot be ta-- 


ken, the beſt Allowances that can be judged of 


ſhould be made for them. Theſe, with the allowed 
Variation, an ich other Particulars as may affect 


either the deduced £,ongitnde or Latitude, ſhould 
be inſerted in che Journal in order to infer the La- 


titude and Longtitude come to, by the uſual Me- 


.thod of Nays Works; a 4 every time that the 


Ship alters her Courſe, it ſhoulo be mlerted as for 


the Hour ueareſt to that. Change. 


3. Il Opportunities for t king the Hatitude by 
Meridian Altitudes, of the dun, Moon, Saturn, 


Jupiter, Mars, Venus, and the Fixed Stars of the - 


firſt Magnitude, ſhould be carefully attended to; 
and the Latitudes by them inſerted in the Journal. 
4. Whilſt the Latitude appears well known from 
Meridian Altitudes, there is the leſs occaſion for 
ſeeking it by any other Methods; but, when ever 
the Journal is defective in this, two Altitudes and 


the Elapſed Time, two Stars one near the Meri- 
dian, or any other Method, ſhould be applied for 


recovering the Latitude as ſoon and as accurately 


as poſſible. 


5, When it is either known or ſuſpected that 
the Ship is acted on by a Current, the beſt Me- 
thods ſhould be taken fo 
Velocity, eſpecially when it runs ſo as to admit of 
no apparent Effect upon the Latitude by Reckon- 
ing, or makes it agree with that by Obſervation. 


r knowing its Courſe and . 


6. The Latitude by Account and that by Ob- 


ſervation ſhould be kept apart from each other, 
and when they differ conſiderably, a Correction of 
the Longitude ſhould be made, by help of the 


obſerved Latitude and other Data moſt to be de- 
pended on. The Latitude and Longitude thus 


18. 


| hourly by t 


— . 
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38 1 Difference between the Latitude taken 


and the former obſerved Latitude thus carried on 
by Account; and ſo on to the end of the Voyage. 

In deducing the Longitude from Day to Day, 
at every partirular Courſe the moſt proper Al- 
towances. ſhould be made for Variation, Leeway, 
Currents, and the true Courſe found to the neareſt 


Degree; with which and the. Diſtance, the Dif- 


ferences of Latitude and Departure may be taken 


ont by Inſpection, and the true Difference of Lon- 
gitude made, had by either Middle Latitude or 
Mer cator's Sailing. The Difficulties which attend 


the clearing of each Courſe accurately, and the 


Errors that muſt ariſe for want of it are obvious; 


theſe are eaſily to be made leſs if not entirely re- 


moved, by falling care: A to the * In- | 


Kruftions, | 


' C&LIV. 


22 for bunt the — 5 Magnetic | 


Sailing. 


In. che uſual Method of Sailing, the Courſes 


„ . hourly by the Compaſs Card, the Diſ- 
tances are meaſured, and Allowances are made 
for Variation, Leeway and other Deceptions on 
each Courſe and Diſtance ; after this, the whole 


true Difference of Latitude and Departure made 


good are had, and thereby the Difference of Lon- 
gitude. If this is done many Times in the whole 
| Day, the Computation will be much and the Lon- 
gitude but imperfectly determined. 5 
2. In Magnetic Sailing the Courſes are taken 
Fe Compaſs Card, the Diſtances are 
meaſured, and Allowances are made for Leeway 


and other Deceptions on each Courſe, except the 


Variation ; after this, the whole Magnetic Dif- 
' ference of Latitude and Departure made good are 
had, and thereby the Magnetic Courſe made 
good and true Diſtance mate good, for the end 
; of every twenty four hours. In the Interval, the 
true Mean Variation is to be got as correctly as 
poſſible, and to be added to or ſubtracted from the 
Magnetic Courſe made good (as the Caſe requires) 
to get the true Courſe made good, with which and 
the true Diſtance made good, the true Difference 
of Latitude and Departure are to be found, and 


thereby the true Difference of Longitude. 
3. In this Method of Sailing and making up 


- the Account, the Variation is ſuppoſed to be taken 
| by a Compais agreeing with that by which the 


Ship is ſteered ; and therefore, however erro- 
neouſly it is conſtructed, no Error concerning Al- 
lowances for Variation can ariſe therefrom, nor 
any Difference on this Account, when ſeveral 


Ships ſail either together or apart, by Compaſſes 


that are each of them erroneouſly conſtruted.- 
4- This Method likewiſe takes off the trouble 
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and Error in working ſingle Courſes; the Parts 
Of the Proceſs which are not to be barried on into 


the Longitude, may be taken out by Inſpection 


from the Table of Difference of Latitude and De- 
parture, and thoſe that are carried on into the 
Longitude, are accurately and eaſily to be worked 
by three or four Places of logarithmic Figures, 


without the Meridional Parts, as in the Inſtruc- 
tions for thoſe Purpoſes. See thoſe Inſtructions. 
5. Here, three, four, five, or fix Fi igure of 


Logarithms may be applied the latter of which 


will be One hundred times more exact than four 
Figures of Meridional Fart? in . very 


. dat and weſt. 


exlv. 


; nanu for finding the Longitude; 4 hi the help of 


Watches or T ime-keepers. 


The principal Inſtruments and Books which 
the Novignce ſhould be provided with in the Prac- | 
tice of this Method arc, the Sextant or Octant 
accurately made and adjuſted, the Watch or 'Time- 
keeper deſigned for keeping mean Solar Time, 


_ the Ephemeris for taking out the Sun's Declination 
to the neareſt Minute of a Degree, alſo the Right 
Aſcenſions and Declinations of the principal Fixed 
Stars to the neareſt Minute of a be 

preſent Time, and Logarithmic Tables for — 


gree for the 


the Computation. 

2. Before the Tim e-keeper i is 1 to Sea, the 
Navigator ſhould know that it has kept nearly to 
mean Solar Time during a conſiderable Interval, 
otherwiſe he may not reaſonably expect it will keep 
ſuch Fime during a much longer Interval or a | 


long Voyage. In the Trial of ſuch a Machine, 
he is not to conclude that Obſervations made in- 


accurately will be ſufficienr, nor any thing more 
1mperfe& than the beſt Methods for meaſuring 
Intervals of Time. If it has been compared in 


its going with a Regulator having the gridiron 
Pendulum, and agreed therewith or very nearly |} 


in its rate of going or loſing, for a Month or | 
longer, it may be ſuppoſed proper for the Longi- | 


tude, and ſo it may if it has been found to keep | 


nearly the ſame Rate of gaining or loſing, by 
Meridian Tranſits of the Sun or Fixed Stars-; this 


being determined, whatever it gains or loſes per | 


Day on mean Solar Time, ſhould be known to the 
Navigator, and allowed for every Day throughout | 
the . : 
3. In this Method all Opportunities ſhould be 
taken for having the Latitude correctly known | 
from Aſtronomical Obſervations, as often as poſ- 
ſible by Meridian Altitudes of San, Moon, Planets 


and Fixed Stars; and when ſuch cannot be had, 


WF of the Methods ſhould be applied which have 1 


bee n 4 | 
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been delivered in this Work. The mean Solar 
Time kept by the Timekeeper is to be for the 
Ephemeris's Meridian, and the Sun's Declination 


to be taken out for the Day and Hour ſhewn by the 


Time-keeper, when the Latitude is to be inferred 
from Meridian Altitudes of the Sun. 

4. At the Time of obſerving for the Longitude, 
the Hour, Minute and Second, ſhewn by the 
Time-keeper are to be accurately noted, at the 
ſame Inſtant the Altitude of the Sun's lower Limb 
15 to be taken. Then, by the Altitude of the Sun 
cleared from Semidiameter, Dip and RefraQion, 
the Declination taken out for the Hour ſhewn by 
the Time-keeper, and the true Latitude of the 


Place, there are the Co latitude, Polar-diſtance 


and Co-altitude, from which (by Section 54) the 


Time at the Ship is found, and this. added to or 


ſubtracted from the Time noted by the Time- 


keeper, is the Longitude from the Ephemeris's 


Meridian. 


5. Such a Time-keeper may be otherwiſe uſeful 


in a Ship at Sea, for determining the Latitude, 


having Meridian Altitudes of the Sun near the 


Equinoxes, the Moon, and the Primary Planets ; 
two ſuch Attitudes happen every Day. by the Sun 


and Moon, and four may happen by the larger 
Primary Planets, and their Declinations are all 
to be taken out for the Hour at the Ephemeris's 


Meridian. Therefore, a common Watch kept 


nearly to ſuch Time may be uſeful in a Ship at 


Sea; but, to ſhow nearly the Time of Meridian 
Tranſit, it mult not be fan different from the Lime 
Ek ne > LY . 
. CXLVI.”. 5 
Inſtructions for finding the Longitude at Sea, baving 
the Latiiude, Sights. of Sun and Moon, and an 
JJ I OD = 


I. In order to take the Longitude as correctly 
as poſſible by this Method, the Perſon who is to 


take the Diſtance of Sun and Moon's neareſt 


Limbs, ſhould be provided with a proper Sextant 
or Octant himſelf, he ſhould likewiſe be aſſiſted by 
two Perſons: provided with good Octants to _ . 
the Altitudes, and ſuch other Perſons ſhould aſſiſ e , the. be td ide Sun 
lower Limb, the other with the Moon's lower or 
upper Limb at the Sea, and they are to write down - 

their obſerved Altitudes each one apart. 


as may be neceſſary for preventing Errors and 


making the Obſervations as expeditiouſly and cor- 


rectly as poſſible. 


2. The Inſtrument to be uſed in taking the 
angular Diſtance of the Limbs, ſhould not be 
leſs than Fifteen Inches Radius; becauſe, if it 

be leſs, the Diviſions by the Nonius on the Limb, 


will be ſo ſmall, that an Obſerver or any cther porary Obſervations. The Sum of the Altitudes of 


Perſon who reads for him, may be apt to miſtake 
a Minute of a Degree in reading (eſpecially if the 
chamfered Edge of the Index doth not come cloſe 
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to the Plane of the Limb) and he may reaſonably 


expect to come to that Accuracy in many Obſer- 
vations with the naked Eye, when the Oppor- 
tunity is the moſt favourable, 

3. He ſhould be careful to have an Inftrament 
that is well centered, formed in that Part by the 
moſt perfect Turnery out of ſolid Metal, ſo that 
the Index be not liable to bend nor ſhift its Cen- 
tre. The other Parts of the Inſtrument ſhould 
be well ſecured from being effected by Heat or 
Cold, Drought or Moiſture. The Glaſſes, par- 
ticularly the dark Glaſſes, accurately ground; 
the Diviſions correct; the Teleſcope (if any to 


the Inſtrument) not liable to ſtart from its right 
Poſition, and ſuch other good Qualities belong- 
Ing to the Inſtrument, that it may always anſwer 


Minute of a Degree. TLC 

4. With ſuch an Inſtrument, and without a 
Teleſcope near the Eye, the angular Diſtance of 
Sun and Moon's neareſt Limbs may be taken 


under the ſevereſt Examination, to the neareſt | 


ſufficiently exact for the Longitude, provided the 
Obſerver takes ſeveral Obſcrvations quickly and _ 
with much care, and all within a ſhort Interval of 
Time. Here will be no more than three Glaſſes, 


namely, the ndex Glaſs, the finall Glaſs, and the 


If the Teleſcope be applied inſtead of the Plain 
Siglit, the Contact of the Limbs will appear 
plainer, and the Diſtance will be more accurately 
taken, provided there is no additional Error by 
its Glaſſes or their Poſition to the Plane of the 
Ws 8 Ro . 


3. As the Perſon who takes the Diſtance is the 
principal Obſerver the other two are to obſerve his 
Signals or Words, for he is to take a Diſtance, 
ipcak at that Inſtant, write or cauie to be written 
down the Degrees and Minutes, procced to take 
another, and another, as correctly and expediti- 


ouſly as poſſible at the end of nearly ſmall and 
equal Intervals of Time. Yn nag N 


6. Whilſt the angular Diſtances are taking, the 


two Affiftants muit (with all attention) wait for 
| the Inſtant when a Signal is announced or ſpoke 0 


by the principal Obſerver, When he ſpeaks, each 


7. The Sum of all theſe Diſtances of Limbs 
divided by the Number of them gives the obſerved | 
Diſtance. of Limbs or the firit of the three cotem- 


the Sun's lower Limb divided by the Number of 
them, and this cleared from Semidiameter and 
Dip, gives the ſecond of the cotemporary Obſerva- 

5 | . tions 
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tions, The Sum of the Moon's Altitudes divided 
by the Number of them and this cleared from 


' Semi-diameter and Dip, gives the third of the 


cotemporary Oblervations, thus when the Linear 
Tables are to be applied; but, when the Method 
by Sun and Moon's Angles, the two Altitudes 
* likewiſe be cleared from Refraction. 

As the Aſſiſtants may be ſuppoſed to be pro- 
Idea with Watches, and ſuch as are uſually worn, 


they may (if they pleaſe) make the following 


EX 


Jie of them; not that theſe cotemporary Obſer— 


Vations require any ſuch additional Aſſiſtance, but 


that they may thereby be taken at more equal 


Intervals, and likewiſe at more proper times of 
the Day, Their Uſe is thus. 
be fet ſomewhat near to the Ship' s Time, the 


Let one of theſe 


other ſomewhat near the Ephemeris's Time, both 


tothe ſame Minute tho' not the ſame Hour, this 
may be readily done, the former by the Ship's 
Clock, the latter by the rough central Diſtance 


taken a little before the nicer Diſtances are taken, 


their Uſe will be thus. 


9. By the Watch for the Ship s Time, it will 


| be known what Equatorial Diſtance the Sun and 
| Moon are from the Meridian in a rough manner, 
and thereby when are the moſt proper times for 
obſerving, if the Calculations are to be made by 


any of the Methods before ſhewn in this Work ; 


likewiſe the molt proper Poſitions of the Sun for 
two Altitudes and the Elapſed Time, and for 
Meridian Altitudes when they can be obſerved. 
The Watch for the Ephemeris's Time, will rea- 
_ dily ſhew the Hour for which the Declinations and 
Right Aſcenſions are to be taken out, this will be 
uſeful in taking the Latitude 3 in the Night by W 


Stars. 


10. Having the three cotemporary Obfienitions. : 
by them, the Linear Tables (or otherwiſe if the 
Method by Sun and Moon's Angles) the Tables 
of Common Logarithms, Log. Sines, 'Tangents 
and Secants, together with the uſe of the Ephe- 
meris, the true Diſtance of Centres is to be found 
as in the Example of Section 104; then, the Time 
at the Ephemeris's Place as in Section 108; then, 
the Time at the Ship's Place as in Section 141. 
The former Method of each Example, may be ap- 
| plied when thegreateſt Accuracy 1 is not required, 
but when it is required the Operation ſhould be 
as for the Sphere. In this Caſe, the Obſerver will 
be often able to avoid any Errors that may ariſe _ 
trom the Spheroidical Figure of the Earth, by 
making his Obſervation as near the Prime Vertical or 
eaſt and weſt Azimuth Circle as poſſible, the Con- 
ſequences of which have been already ſhewn. 


Then, as in Section 1 12, the Sum or Ditference 1 18 


the Longitude, 
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11. Here, it ſeems proper to take notice of 
a Practice which has been continued and is thought 
eſſentially neceſſary by many Perſons, in taking 
the Longitude at Sea by ſeeing Sun and Moon in 
the Day time. Such Perſons get the three cotem- 
porary Obſervations and thereby the Time at the 
Ephemeris's Place, this Time they compare with 
a Watch that has been ſet to the Ship's Time, 
and the Sum or Difference they will have to be 
the Longitude ; but, this has been conſidered i in 
Section 103. 

12. The Method which all Navigators veattics 
in keeping their Journals, is to aſcertain the Ship's 


Latitude as accurately as they can for the Noon 


of each preceding Day, either by actual Obſer- 


vations or by che Ship's Reckoning; and there- 


fore by inſpecting the Latitude at a former Noon 
and the intermediate Runs, the preſent Latitude 


may be nearly known, this is the Latitude to be 
uſed together with the cotemporary Obſervations 
in order to take the Ship's Longitude without 


uſing the Watch in order to ſnew the correct Time 


at the Ship, and that there can be no better Da- 
tum for the Latitude in order to ſet the Watch 
to the Ship's Time, is evident from the Problem 


itſelf. | 
43. A Su e aſter the Aras cotempo- 


rary Obſervations are taken, the Latitude is 
known, and the rough hour with its ie 


are taken out, is thus. 


Obf. Diſt. of Centres 


3 | 


Firſt Hours 3 The. 7 15 27 
Second Hours 6 Diſt. 74 28 50 
J 3 Dil. 53 '1 27 

a True Diſtance | 


„„ gk 
foe Firſt 


EET. 16 1 8 
Sun's Altitude cleared 222 15 
Moon's Altitude cleared 80 53 
No. in Table I. 2. $20 
Corar. of Diſt. Centres q) 
Common Log. of 1 - Sum 2. 246 
J > © es 2 
For Refraction 144 makes 2 24 " 
Obſ. Diſt, of Centres "os 48 by 
* e from Ref. ! * 18 27 
N.. 94. 18 27 | Sine 9 PP | 
-. Sun's Alt. 22 EN © . 10.4223 
- Bar. Far. © 06 12 Pr. Log. o. 55 
)))) -38. 5 FRI SQ” 
f „ Lnnn 10h” 
Moon's Alt. 80 53 Oo eg. 10. 0% 
, 61.8 © Pro Log agony 
Second Arc EE Pr. _ 10622 
For Parallax'” 6 29 8 
Laſt CorrectiQnm 8 


r e 4 ora 5 


Longitude | 
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Firſt Difference 


3 
Second Difference 110 J 
Firſt Proper Log. 0.3138 
Second Proper Log. KD 0.4070 
3619 Pr. Log. 0.0932 
Firſt Hoars 44 0 
Ephem. Time 81 19 paſt Noon 
Co-lat. N. 55 43 Co. ar. 0.08288 
Polar-diſt. 84 12 Co-ar, 0.00223 
Co. Alt. 70 38 | 
e "Ga 240 Jy OE 
Half Sum 105 16 Sine 9.98435 
Remainder 34 33 Sine 9.75459 
Sum 19.824056 
35 TF Coſine 9.91203 


Ship's Time 70 3 
10 49 Weſt of Rubemeria Place. 


14. By this Example and others that might be 
Introduced, it is evident that before the Operation | 


could be made with the Perſpecuity and Shortneis 


that is in the foregoing, there was an abſolute 
neceſlity for putting, the Common Logarthmic 
Sines, Tangents, Secants, and Co-ars, into a 
better Form and more ready for Uſe ; 


into Forms very different from what are in other 


Books; even the principal parts of the Propoſitions 


from which the Precepts have been derived have 
been altered in their Inveſtigation and Application, 
The 
Tables of Logarithms, the Linear Tables, the 
Ircatiſe on Elapſed Time, the Formulæ, and 
| other things publiſhed by me, are Proofs that they 


in order to make it eaſier for the Computor. 


I have been all abſolutely neceſſary, for clearing theſe 


ln 6 7 


7irſt 


N 


Subjects from the many Difficulties and Incum- 


brances which they have been left under, by $ood Method 3 is to be obſerved for getting the three co- 


temporary Obſervations, as has been particularized 
then, it is to be conſidered, what 


| ToſtruStions fo n the Longitine of Gem; 1 E 


be Latitude, Sights of the Moon and a ee 5 from it. If it is ſuppoſed near the Meridian, the 


Method in Section 125 is to be applied. | 
ſuppoſed remote from the Meridian, the Method 
in Section 129 is to be applied. 


aſtronomical 1 both at Home and Abroad. 


cxLvn. 


Star, and an Ephemeris. 


1. When the Longitude is to be” 1 a, his | 
Method, independent of a Watch to ſhew Time 


at the Ship, the parts of the Horizon beneath 
the Star and beneath the Moon, ſhould be well 


enough defined to take the Altitude of either of 


them without erring five Minutes of a Degree, 
this may not produce an Error of more than as 
many Miles, in an Oblique Sphere, when the Star 
is remote from the Meridian. If the Horizon is as 


well defined as it frequently is at Sea, the Error in 
Altitude may not be more than one Minute or Mile. 

2. One principal Obſerver and two Aſſiſtant 
Obſervers at the leaſt, ſnould be employed in 


getting the cotemporary Obſervations, and a fourth 


ct be of Uſe for aſſiſting them. The Sextants 


Limb is brought to the Star. 
behind the ſmall Mirror, the Star may frequently 


likewiſe, 
tde Logiſtic Logarithms and all the other Tables 


in Section 146; 
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or Octants, ſhould have the good qualities men- 
tioned in the former Section, and all the Obſervers 
ſhould act in Harmony with each other either by 
proper Signals or Words, at the Inſtants when the 
Piſtances and Altitudes are taken. If the Zo- 
diacal Star appears large and the Horizon is well 
defined, both the Diſtance and the Star's. Alti- 
tude may be taken by plain-ſighted Inſtruments, 


but otherwiſe the ſmall Teleſcope near the Eye 


may be wanted in the Uſe of both. 

When the Moon's light is very ſtrong, the 
lighteſt dark Glaſs is to be turned down for 
leſſening 1 it; then, the Moon's neareſt or fartheſt 
If ſuch a Glaſs is 


be brought to the Moon. After the ſame manner, 


the Moon may be becinhet to the Sun; but, in all 
Caſes, the more Glaſſes the Rays of Light are -.. 
either reflected or refracted from, in the In- 


ſtrument, the more Care muſt have been taken hy 


the Inſtrument Maker, to have them all right, N 


Otherwiſe Error will follow. 


4. Having the cotemporary Obſervations (taken 


after the manner directed in the former Section for 
the Sun and Moon) the Altitudes are to be cleared 
and the true Diſtance of Centres found ; 


then, the 
Ephemeris' s Time is to be found, next the Time 
at the Ship, and the Sum or Difference of theſe 1 13 
the Longitude ; as in Section 95 5. 


CXLVIII. 


ra for finding Loth the 1 * Langi- | 
tude at Sea ; having Sights of the Sun and Moon, 


either Bs one of the Luminaries is near to or re- 


mote ite from the Meridian of the Place of Obſervation. 
In either of theſe two Problems, the ſame 


of the Luminaries is near the Meridian or remote 
If it 16--- 


In either Caſe, 
the true Diſtance of Centres, the Time at the Ephe- 
meris's Place, the Latitude, and the Time at the 
Ship's Place are to be found, and the Sum or Dit- 
ference of the two Times is the Longitude, | 


CXLIX. 


Iuſtruction, for finding both the Lats: ads and Longi- 
tude at Sea; having Sights of the Moon and a 
Zodiacal Star, either when one of tbe Lnminart. 
near to or remote from the Meridian of the Plat 


/ Obſervation. _ 


1. In either of theſe two RT one the true 
Diſtance of Centres, the Time at the Epheme- 
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ris's Place, the Latitude, and the Time at the 
Ship's Place are to be found ; and thereby, the 
Longitude. 3 
From what has been before delivered it is evi- 
dent, that when the Method of finding the Longi- 
tude at Sea by the uſual Method of Sailing, is 
practiſed without any other Aid than what can 
ariſe from its own Principles, it will ever be de- 


fective in long Voyages, and that its Defects, 


will, at all times and places, receive great help 


and aſſiſtance from A ſtronomy. That when the 
Method of finding the Longitude at Sea by the 


help of Watches or Time-keepers, is practiſed 


without any other Aid than what ariſes from its 


own Principles, no Inferences whatever can be 


drawn, either concerning the gaining or loſing of 
the Time-keeper before it ſets out on a Voyage, 
during its being at Sea, or when it comes to the 
End of the Voyage, without the application of 
Aſtronomy. That the Lunar Method, of finding 

the Longitude at Sea, whether it be by the Sun 
and Moon or the Moon and Zodiacal Stars, has 


for its Foundation, the Laws of the Syſtem of the 


World, the Principles and Practice of Aſtronomy ; 
and therefore, it may be reaſonably ſuppoſed, that 
the Principles on which this Method depends will 

always be invariably the ſame, and that the Prac- 
_ tice of it can have no greater Difficulties than what 
aariſe in making the Obſervations and Calculations. 


„ 


Inftruftions for finding the Longitude at Sea ; by the 


Help of Variation Charts, 


I. In this Method, the Obſerver ſhould be pro- 

vided with a good Sextant or Octant for taking the 
Altitude of Sun, Moon, Planet, or Fixed Star, a 
good Azimuth Compaſs for taking the Magnetic 


earing of the Celeſtial Body, proper Aſſiſtants, 


Method, the beſt times are when the Celeſtial 
Bodies to be obierved are neareſt to the Prime 


Vertical or eaſt and weſt Azimuth Circle, becauſe, 
then they keep neareſt the ſame Bearing, yet alter 
in Altitude faſteſt during ſmall Intervals of Time. 


Diſtance from all Iron or other Metal that can 


influence the Needle. In this, it ſhould agree 


with the beſt Needles at the ſame Place and Time; 
if theſe agree at Different Times, there may be no 


reaſon to ſuſpect Error in the Azimuth Compaſs at 
Sea; if they do not agree, the Error ſhould be 


allowed for at Sea, but, even then the Allowance 


may not give the true Variation. 1 
3. Obſervations for the Variation, may be 
made by Altitudes of the Sun, Moon, Primary 
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Planets, or Fixed Stars, as they occaſionally ſuit. 
If the Moon is obſerved out of the Meridian in an 
Oblique Sphere, the Bearing will be affected with 
the Effects of Parallax; to be accurate in this 
reſpect, her true Co- altitude, and Polar- diſtance 
ſhould be found, theſe with the Co-latitude, will 


give her true Azimuth (whilſt her obſerred Co- 
altitude, the Polar-diſtance, and the Co-latitude, 


will give her Azimuth as affected by Parallax). 


In the Torrid Zone, when the Moon is near the 


Prime Vertical, the Parallax in Altitude will be 


nearly this Correction in Altitude. When the 


Fixed Stars of the firſt Magnitude are applied, there 


will be frequent Opportunities of objerving them 


at ſmall Altitudes. 


4. The true and magnetic Azimuthsor Bearings, 
being found and compared with each other, give 


the Variation, as in Section 66. 


—Þ O VCI USTION. N 
1. From what has been delivered in this Work, 


it is evident that there are four practicable Methods 


of determining the Longitude of a Ship at Sea, and 


that when the Navigator is provided with the In- 
ſtruments and Books belonging to them, they may 
be practiſed by him with Eaſe when he is at Sea. 
2. The firſt Method, by keeping a Reckoning de- 


pends almoſt wholly on the Properties of Triangles 


and theſe depend on mathematical Principles; where 
this Method becomes erroneous through Imperfec- Þ 
tion in the Courſes and Diſtances eſtimated, Aſtro- 
nomy gives it its greateſt Step toward Perfection. 
3. In the ſecond or Watch Method, the Time of 


one Meridian is carried to be compared with the 
Time of another Meridian, and their Sum or Dif- 


ference is the Longitude. Ibis Method depends on 


mechanical Principles for making the Watch, and 


on Aſtronomy when it is to do the Buſineſs for 
and Books for making the Calculation. In this UNE 


which it is deſigned. _ 


4. The third or Lunar Method depends wholly 


on Aſtronomy, from the firſt Step taken in it to its 


Completion. Aſtronomy has tor its Foundation 
all the mathematical Sciences in their moſt exten- 
_ five Applications, and the Laws of Matter and 
| 2. The Sextant or Octant, ſhould be well ad- 
juſted, the Altitude accurately taken at the Time 

the Bearing is taken. The Compaſs ſhould be 
carefully tried before it is taken to Sea, by a Me- 
ridian Line accurately drawn, and at a proper 


Motion in their greateſt Power and Perfection. 
5. The fourth or Variation Method, depends 


chiefly on the Laws of Nature for thoſe of Mag- 


netiſm, and on Aſtronomy in making it applicable 
for the Longitude at Sea. „„ 
6. It is therefore in the Power of almoſt every 


Navigator, to practiſe the firſt and third Methods, 


as they are ſo very eaſily to be learnt, and the In- 
ſtruments belonging to them do not amount to a 
great Expence ; and although the fourth Method 
never will be at all Times and Places applicable 
with equal Advantages ; yet, if the Variation Lines 
are favourable, the Navigator ſhould never be un- 


mindful of them, eſpecially at Places where ſtrong | 
Currents ſet Ships toward the Coaſt, : 


de N 
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may not give the true Variation. 
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ris's Place, the Latitude, and the Time at the 
Ship's Place are to be found; and thereby, the 
Longitude. 


From what has been before delivered it is evi- 
dent, that when the Method of finding the Longi- 


tude at Sea by the uſual Method of Sailing, 1s 


practiſed without any other Aid than what can 
ariſe from its own Principles, it will ever be de- 
fective in long Voyages, and that its Defects, 
will, at all times and places, receive great help 
and aſſiſtance from Aſtronomy. That when the 


Method of finding the Longitude at Sea by the 
help of Watches or Time-keepers, is practiſed 
without any other Aid than what ariſes from its 

oven Principles, no Inferences whatever can be 
draw, either concerning the gaining or loſing of 
the Time-keeper before it ſets out on a Voyage, 
during its being at Sea, or when it comes to the 


End of the Voyage, without the application of 


Aſtronomy. That the Lunar Method, of finding 
the Longitude at Sea, whether it be by the Sun 
and Moon or the Moon and Zodiacal Stars, has 

for its Foundation, the Laws of the Syſtem of the 

World, the Principles and Practice of Aſtronomy; 


and therefore, it may be reaſonably ſuppoſed, that 


the Principles on which this Method depends will 
alwaye be invariably the ſame, and that the Prac- 
ice of it can have no greater Difficulties than what 
ariſe in making the Obſervations and Calculations, 


5 Trftrufions for finding the Longitude at Sea ; by the 


bei of Variation Charts 
1. In this Method, the Obſerver ſhould be pro- 


5 vided with a good Sextant or Octant for taking the 
Altitude of Sun, Moon, Planet, or Fixed Star, a 


ood Azimuth Compaſs for taking the Magnetic 
| Bearing of the Celeſtial Body, proper Aſſiſtants, 


if theſe agree at Different Times, there may be no 


_ reaſon to ſuſpect Error in the Azimuth Compaſs at 


Sea; if they do not agree, the Error ſhould be 
allowed for at Sea, but, even then the Allowance 


3. Obſervations for the Variation, may be 


made by Altitudes of the Sun, Moon, Primary 


at ſmall Altitudes. 


INSTRUCTIONS. 


Planets, or Fixed Stars, as they occaſionally ſuit. 
If the Moon is obſerved out of the Meridian in an 
Oblique Sphere, the Bearing will be affected with 
the Effects of Parallax; to be accurate in this 
reſpect, her true Co- altitude, and Polar- diſtance 


ſhould be found, theſe with the Co-latitude, will 
give her true Azimuth (whilſt her obſerved Co- 
altitude, the Polar-diſtance, and the Co-latitude, 
will give her Azimuth as affected by Parallax). 
In the Torrid Zone, when the Moon is near the 


Prime Vertical, the Parallax in Altitude will. be 
nearly this Correction in Altitude, When the 


Fixed Stars of the firſt Magnitude are applied, there 


will be frequent Opportunities of oblerving them 


4. The true and magnetic Azimuths or Bearings, 


being found and compared with each other, give. | 
the Variation, as in Section 66. e 


VCC 
1. From what has been delivered in this Work 


» 


it is evident that there are four practicable Methods 
of determining the Longitude of a Ship at Sea, and 


that when the Navigator is provided with the In- 


ſtruments and Books belonging to them, they may 
be practiſed by him with Eaſe when he is at Sea. 
2. The firſt Method, by keeping a Reckoning de- 
pends almoſt wholly on the Properties of Trizngles 
and theſe depend on mathematical Principles; where 
this Method becomes erroneous through Imperfec- 


tion in the Courſes and Diſtances eſtimated, Aſtro- 
nomy gives it its greateſt Step toward Perfection. 
3. In the ſecond or Watch Method, the Time of 
one Meridian is carried to be compared with the 


Time of another Meridian, and their Sum or Dif- 


ference is the Longitude. I'his Method depends on 


mechanical Principles for making the Watch, and 
EE on Aſtronomy when it is to do the Buſineſs. for 
and Books for making the Calculation. In this 1 e 
Method, the beſt times are when the Celeſtial 
Bodies to be obſerved are neareſt to the Prime 
Vertical or eaſt and weſt Azimuth Circle, becauſe, 
then they keep neareſt the ſame Bearing, yet alter 
in Altitude faſteſt during ſmall Intervals of Time. 
2. The Sextant or Octant, ſhould be well ad- 
juſted, the Altitude accurately taken at the Time 
the Bearing is taken. The Compaſs ſhould be 
carefully tried before it is taken to Sea, by a Me- 
ridian Line accurately drawn, and at a proper 
Diſtance from all Iron or other Metal that can 
influence the Needle. In this, it ſhould agree 
with the beſt Needles at the ſame Place and Time; 


which it is dg . 3 
4. Ihe third or Lunar Method depends wholly 


on Aſtronomy, from the firſt Step taken in it to its 


Completion. Aſtronomy has for its Foundation 
all the mathematical Sciences in their moſt exten- 


ſtve Applications, and the Laws of Matter and 


Motion in their greateſt Power and Perfection. 


5. The fourth or Variation Method, depends 


chiefly on the Laws of Nature for thoſe of Mag- 


netiſm, and on Aſtronomy in making it applicable 


for the Longitude at Sea. 


6. It is therefore in the Power of almoſt every 
Navigator, to practiſe the firſt and third Methods, 
as they are fo very eafily to be learnt, and the In- 
ſtruments belonging to them do not amount to a 
great Expence ; and although the fourth Method 
never will be at all Times and Places applicable 
with equal Advantages ; yet, if the Variation Lines 
are favourable, the Navigator ſhould never be un- 
mindful of them, eſpecially at Places where ſtrong 


Currents ſet Ships toward the Coaſt, 
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near to or remote from the Meridian. 99. 
CXILIX. Inſtructions for finding both the Latitude 
and Longitude at Sea; having Sights of the 
Moon and a Zodiacal Star, when any one of 
the two is near to or remote from the Meri 


ian. 5 99. 
5 CL. Inſtructions for finding the Longitude at Sea, 
by the help of Variation Charts. 100. 
5 Concluſion, A ſhort Recapiculation, 100. 


C In 3 142 of this Work, is a Method 
whereby the Meridian Tranſits of the Celeſtial Bo- 


dies may be taken without erring more than two or 


three Seconds of Time. If this Method is applied 


7. for getting the Times of the Meridian Tranſits of 
the Sun, Moon, Primary Planets and Fixed Stars, 


and the Times are obſerved by help of a Pendulum 


Clock ſet as accurately as poſſible to mean Solar 


Time, ſuch Obſervations may be applied not only 


to the Corrections of the geographical Longitudes 
9. of Places at great Diſtances from each other, but 
alſo to the Diſcovery of ſmall Errors in Epheme- 


rides or the original Tables from which they be 


made. In this Method, the Lines muſt be as near 
the Plane of the Meridian as poſſible, the Obſer- 


vations mulſt be taken as correctly as poſſible, and 
the daily Change in Right Aſcenſion muſt be duely 


allowed for, both in deducing the true Places of 


the Celeſtial Bodies and in inferring the Difference 
of Longitude by ſuch correſpondent Obſervations. 
The Particulars to be obſerved, in order to come 


to the forementioned Accuracy, may be ſeen in 


the Treatiſe on Practical Aſtronomy, 


Moon and a Zodiacal Star, and an Ephe- | 
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